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EDITORIAL 
A Question of Size 


EVER SINCE Schumacher published his memorable book ‘Small is 
Beautiful’ [5], industrialists and economists have been arguing the 
merits of his case that large, monolithic and highly centralized organi- 
zations are not only cumbersome to manage, but have become unde- 
sirable, both on economic and social grounds. The prosperity of large 
industrial companies in the US has always been regarded as tangible 
evidence of the economies of scale, through the ability to spread cen- 
tral management overheads and high fixed costs of sophisticated pro- 
duction facilities over a large volume of output, and thereby pose 
a real threat to competitors operating on a smaller scale. 

The nationalization of certain key industries in Europe and the 
creation of the Common Market, provided opportunities for very large 
organizations to be set up on this side of the Atlantic, and spasmodic 
fevers of mergers and acquisitions during the past two decades have 
_ reflected the assiduous conviction that operations on a large scale 
provide greater opportunities for systematic planning and for greater 
efficiency. 

As Schumacher comments, “the great majority of economists and 
business efficiency experts supports this trend towards vastness”, but 
he adds: “In contrast; most of the sociologists and psychologists insis- 
tently warn us of its inherent dangers—dangers to the integrity of 
the individual where he feels as nothing more than a small cog in 
a vast machine and where the human relationships of his daily work- 
ing life become increasingly dehumanised; dangers also to efficiency 
and productivity, stemming from ever-growing Parkinsonian bureauc- 
racies” [5, p. 225]. He is further concerned about the impact of large 
companies on the environment, and he argues: “Small-scale oper- 
ations, no matter how numerous, are always less likely to be harmful 
to the natural environment than large-scale ones, simply because their 
individual force is small in relation to the recuperative forces of nature. 
There is wisdom in smallness, if only on account of the smallness 
and patchiness of human knowledge, which relies on experiment far 
more than on understanding” [5, p. 31]. 

Thus, worries about size stem from several issues relating to the 
long term impact of the organization, on its own performance and 
on its environment. First, there are people who question the funda- 
mental proposition that economies of scale always lead to improved 
performance and efficiency. Admittedly, certain fixed costs per unit 
of output tend to decline as the volume of output increases; similarly, 

1 





2 Editorial 


central purchasing, unified distribution networks, integrated and coor- 
dinated processing, corporate planning and financial control—they all 
appear to have a greater significant effect on the organization as the 
scale of operations is increased, and they all tend to contribute to 
a reduction in unit costs. But size and complexity impose strain on 
the information system, many people need to be informed or consulted 
about the implementation of new decisions or about changing pro- 
cedures, so that the cost per unit of output of ‘keeping the organization 
going’ may well increase with size. It is therefore often argued that 
the resultant total unit cost function, when plotted against volume 
of output, assumes a U-shape, giving rise to the notion that every 
industrial activity has its optimum size with respect to total unit cost. 
Hard empirical evidence on this score is somewhat difficult to come 
by, largely because of problems in measurement, in interpreting finan- 
cial data, and in comparing like with like, so that several investigators 
(for example, Gold in his numerous studies of long term cost curves 
[4]) have become rather critical of the conventional wisdom propa- 
gated in text books regarding the theory of the firm. What is perhaps 
becoming clear is that evidence of economies of scale in one industry 
need not give any guide as to the effect of scale in another, and that 
not only technology, but the market and the environment may prove 
to be major determinants. 

Secondly, even if the advantage of scale in pure cost terms is not 
in doubt, the effect on competition, and hence the long term effect 
on the market, can have serious consequences. As an enterprise 
becomes larger and more powerful, it tends to inhibit its competitors, 
it discourages newcomers into the field, and it increases the probability 
of further entrenchment by fewer companies in the market place. Large 
enterprises have been known to take over small competitors, or to 
drive them out of business, and if it had not been for anti-trust legisla- 
tion and governmental watchdogs we would have probably witnessed 
a more rapid growth of monopolies, increasingly dominating the sup- 
ply of goods and services, the control of prices and the range of choice 
available to the customer. In such circumstances, the initial economic 
advantage of scale soon evaporates, in that large organizations become 
sufficiently strong to be impervious to criticism and immune from 
attack in the market; as a result, they begin to harbour bureaucracy 
and inefficiency, with detrimental consequences to the customer. 

Thirdly, I have already alluded to the effect of scale on the work- 
force. The ‘cog-in-the-wheel’ feeling is enhanced when the employee 
suspects that his contribution to the well-being of a vast organization’ 
is rather minimal, that his identity is lost in the crowd, that he has 
little room to exercise his skill and judgement, or that his grievances 
are not likely to reach the senior echelons of the enterprise. Size tends 
to impede communications, to enforce a sense of isolation and to 
foster frustration. It is interesting to note that some large companies 
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like to operate under a single trade-mark, and promote the notion 
of a unity of purpose by encouraging all employees (even when they 
are widely dispersed geographically) to identify themselves with the 
corporate image (typical examples are oil companies, computer manu- 
facturers, and airlines), whereas other companies trade under several 
names and believe in the advantages of employees clinging to localized 
(or product-related) identities, each group developing its own esprit 
de corps {in some cases, the general public, and even many of the 
emplceyees, are not aware of the fact that companies trading under 
different names belong to the same group). Admittedly, the product 
and market considerations may be decisive factors in determining 
whether an enterprise should have a single or several identities, but 
there are many cases where either mode of operation could be viable, 
and the management decision to opt for one rather than the other 
is to some extent a reflection of their view of the effect of scale on 
human and industrial relations. 


Fourthly, as Schumacher argues, size is important in considering 
the effect on the environment. If a small enterprise fails or misbehaves, 
the consequences can be more easily absorbed or tolerated by the 
environment than when a large enterprise is involved. This simple 
fact has been repeatedly demonstrated in recent years by various disas- 
ters, such as the explosion of large chemical plants, the break-up of 
large oil tankers, the failure of large electricity supply networks, and 


so on. But apart from the physical effects of fire, pollution and con- 
tamination that such disasters cause, there are the far-reaching econo- 
mic consequences to a locality, or even to a whole country, when 
a large enterprise experiences a financial or organizational collapse, 
and this is a worry that is particularly highlighted in the case of 
multi-nationals, where a change of fortune and the impact of decisions 
made at some remote head office add to the distress of a helpless 
national government in its attempt to control the economic scene 
in its own country [3]. 

These four aspects of the effect of size touch upon some of the 
problems that are involved. Economic performance and efficiency of 
operations are clearly of prime importance, but they cannot be 
divorced from other considerations, not only because all the other 
factors that need to be examined are ultimately bound to have econo- 
mic consequences, but because those aspects of the problem that can- 
not be expressed in purely financial terms still have a validity of their 
own, which managers and society cannot ignore. Furthermore, it is 
evident from the foregoing discussion that there are many interests 
involved—interests of top management, employees, labour unions, cus- 
tomers, suppliers, competitors, financial institutions, national govern- 
ments; and since many of these interests are in conflict, it is necessary 
to identify the point of view from which the analysis is embarked 
upon before any conclusions can be drawn. 





Editorial 


A typical range of problems in this field are cited by Cantley and 
Glagolev [2]: 


(i) “a traditional economic model, embodying relationships between 
size, performance and cost, with the resulting historic trend towards 
increasing size for maximum economic advantage; 


(ii)a concern with flexibility or robustness in the context of en- 
vironmental change; 


(iii) management, estimation (of cost and time), and control prob- 
lems-in the creation or installation of very large organizations or 
units of plant; 


(iv)new problems of management and control arising in the oper- 
ation of large organizations and units of plant; 


(v) increased problems of statistical reliability or security which 
are accentuated by the concentration of capacity into fewer, larger 
centers.” 

This is by no means the whole story. Apart from the fact that 
it is confined to the managerial viewpoint and that similar lists can 
be compiled to reflect the concern of other interested parties, there 
are many further aspects of economic performance and managerial 
control that need to be considered, and some of the issues are rather 
complex and clearly indicate that the question of scale can hardly 
be settled by an over-riding single criterion. 

Take, for example, the implication of size on motivation and the 
performance of the individual. Schumacher highlights the inevitable 
conflict in organizational design between order and freedom, and yet 
the need for an enterprise to have both. On the one hand the organiza- 
tion has to maintain orderliness, consistency in behaviour, clarity of 
procedures; such a state of corporate discipline is achieved through 
the development of programmed decisions and the compilation of a 
rule book, which is nourished and sustained by a creeping bureauc- 
racy. At the same time, the enterprise needs to encourage initiative 
and to provide for new developments through innovations and radical 
reappraisals. As Schumacher puts it: “The larger the organization, 
the more obvious and inescapable is the need for order. But if this 
need is looked after with such efficiency and perfection that no scope 
remains for man to exercise his creative intuition, for entrepreneurial 
disorder, the organization becomes moribund and a desert of frust- 
ration” [5, p. 227]. 

He therefore postulates five principles for the management of large 


organizations, based on preserving the identity of small sub-units 
[5, pp. 228-234]: 


“1. The principle of the subsidiary function, to protect the lower levels 
of the organizational hierarchy from the stifling effects of over-cen- 
tralization, in the belief that if sub-units maintain freedom to act 
and are held responsible for their actions then “the centre will gain 
in authority and effectiveness”. 
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2. The principle of vindication, to judge the performance of the subsi- 
diary function against given criteria, and to defend it from unnecess- 
ary reproach. 


3. The principle of identification, to emphasize the unique identity 
of the sub-unit, for example by insisting on its having its own profit 
and loss account, even when its use is limited to internal purposes. 


4. The principle of motivation, to ensure that individuals get a sense 
of satisfaction from their contribution to the organization, and to 


combat “the relative incomprehensibility that stems from its very 
size”. 


5. The principle of the middle axiom, to strike a balance between 
order and entrepreneurial activity.” 


It is against this background that investigators in this field are 
bound to be intrigued by what captains of industry have to say about 
the effect of size on the operations of their companies. After all, they 
are the people who have the experience of running such organizations 
and struggling with problems that constantly emerge; they should 
therefore be in a unique position to provide illuminating accounts 
of how they set about evaluating the benefits and disbenefits of scale. 

Such accounts are, alas, few and far between. Not many senior 
executives feel compelled to commit to print the results of detailed 
analyses of large scale operations that they may have carried out. 
It was, therefore, with particular interest that I turned to a paper 
[1] written by TN Beckett (now Sir Terence), the Chairman and 
managing Director of the Ford Motor Co. in the UK, a company 
with 70,000 employees. The title of the paper, ‘Problems of size and 
efficiency in industry today’, seems precisely to describe the subject 
matter that we are concerned with here, and I looked forward with 
eager anticipation to see what further light the paper could shed on 
this discussion. 

The author starts promisingly enough: “If... we conclude that some 
large scale companies are necessary, then I want to go on to ask 
what do we have to do to enable them to be successful, with all 
the problems we have in many large companies with industrial rela- 
tions”. He then emphasizes the importance of technology: “The differ- 
ences in production cost between one technology and another are 
so large, in some cases, that no amount of diligence or changes of 
scale using a given technology can make the costs competitive with 
those available from a superior technology”, adding that in one par- 
ticular case a cost comparison between his company and a competitor 
producing one third of the volume of a similar model, the cost differ- 
ence was so significantly in favour of the large producer, that it could 
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threaten the very existence of the more costly operation. “Scale, there- 
fore, is essential to survive and succeed in some industries”, and “it 
is certainly the case in the motor industry”, where Beckett believes 
that the optimum size for an assembly plant in Western Europe today 
is for about 300,000 cars a year and about two million for engines. 

The author admits that “other things being equal, the smaller the 
company, the easier it is to manage, and within a large organization 
one should try to break it down to smaller more manageable, more 
human units”, but he gives no indication as to how this can be done 
in a large firm in the motor industry. If, as he maintains, the manufac- 
turing activities in that industry are dominated by the prevailing tech- 
nology, and if many of the operations are sequential, then it may 
not be possible to employ the managerial principles postulated by 
Schumacher. In any event, Beckett gives us no clue as to their rele- 
vance. 

As for the human problem in a large firm such as his, he says: 
“The received wisdom begins as follows. Mass production means bore- 
dom, monotony, unpleasant machine-paced work and alienation. 
What can we say about these? We have in my Company, in the last 
twenty-five years, since I worked on the shop-floor, made many im- 
provements in working conditions and in reducing monotony. But 
the fact is that unless we want to reduce our material aspirations, 
both individually and socially in this country—and I don’t see any 
evidence at all that we do—the present state of our technology is 
such that the only way our wealth can be produced at the present 
time is with some boring jobs. We shall improve them as time goes 
on, but some jobs are boring at the present time”. (Preachers on self- 
actualization, please note!) 

The dilemma, then, remains. If size is essential for survival at least 
in some industries, all other considerations are of secondary impor- 
tance. Communication, alienation, industrial relations, motivation, en- 
vironmental effects—they are all irritants that need to be attended 
to as problems arise, and “we shall improve them as time goes on”, 
but they must not be allowed to distract the organization from its 
prime objective. The acceptance of size as an inviolable constraint 
therefore implies that no satisfactory and lasting cures can be found 
for some of the fundamental complaints alluded to earlier, except per- 
haps for the approach advocated by Schumacher, which may not be 
universally applicable. And yet, size harbours its own threat to sur- 
vival. As size increases (and what is optimum in economic terms today 
may well be regarded as too small tomorrow), and: as operations 
within the organization become more interdependent and sequential, 
there is the increasing risk that a failure of one sub-system, however 
small, will bring the whole enterprise to a halt. A chain is as strong 
as its weakest link, and in order to reduce the impact of its failure, 
there is a need in industry for alternative links, and above all for 
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some slack. Elimination of slack, which is one of the prime aims of 
large organizations, is obviously beneficial from an economic view- 
point in the short term, but this benefit needs to be weighed against 
a massive breakdown and its potential horrendous consequences for 
all the people who are likely to be affected. It is time that captains 
of industry came up with some convincing answers as to how their 
operations, and society as a whole, can be properly protected. 


SAMUEL EILON 
Chief Editor 
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This paper examines the venture concept as a means of stimulating new product development 
within large companies. The literature reveals a significant difference between the venture idea 
as originally conceived in North America and as applied in European companies. A case study 
of a UK venture experiment is then presented which clearly demonstrates the resistance to substan- 
tive change which may characterise large organisations. 


INTRODUCTION 


INDUSTRIAL venture systems have been 
devised and implemented for many years, but 
examination of the literature dealing with the 
concept shows a lack of consistency of defini- 
tion. The ‘venture’ label is freely applied to 
management styles which differ in important 
respects. Often, the only common feature is 
that the object of discussion is an industrial 
subgroup concerned with innovation. In par- 


ticular, there is a marked failure to distinguish - 


between venture systems in the USA and the 


quasi-venture systems which tend to operate 
elsewhere. 


DEFINITION AND FEATURES OF 
THE VENTURE CONCEPT 


The venture concept is based on the theory 
that big companies stand a better chance of 
successfully launching new business enterprises 
if they can create conditions, devoid of bu- 
reaucracy, where the motivations of an entre- 
preneur can be given full scope. In essence, 
venture systems attempt to simulate the incen-. 
tives and challenges that small businesses 
present to those who run them, particularly the 
prospect of rapid self-advancement. Thus, the 
most general definition of what is meant by 
the venture concept of organisation is “the for- 
mation of new businesses by tapping existing 


technical and human resources. It is an innova- 
tive form of management that is designed to 
get away as much as possible from red tape 
inherent in a large organisation” [8]. 

A venture team is usually set up under the 
control of a manager who is not restricted in 
his approach by the organisation of the parent 
company. Typically the manager and team 
members are young people who have already 
demonstrated above-average ability. This is an 
essential feature of venture groups. Simulation 
of a small business environment is reinforced 
in the US where it is common for all members 
of the team to invest substantial amounts of 
their own funds in addition to the company 
contribution [1]. It is likely to be the first 
opportunity team members have to take such 
a business risk and their endeavours for success 
and reward can be expected to be of a high 
level. On this side of the Atlantic, in line with 
a more conservative business approach, invest- 
ment by team members is not common. The 
main incentive is the prospect of early advance- 
ment and the opportunity to run a business 
at an early stage. This difference in approach 
is very important and will be referred to again. 

Although it is claimed that venture tech- 
niques are widely used in many large firms 
(such as Monsanto, Du Pont and General 
Electric in the States [4] and British Oxygen 
[3] and ICI [7] in the UK) there is little evi- 
dence in the literature of attempts to compare 
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systems and quantify results. Invariably, papers 
dwell on business successes and make only 
passing reference to the features of the organ- 
isation responsible for achieving the success. 

However, a useful paper has been published 
by Hill and Hlavacek [5] which reports on a 
study of over 100 venture teams in large com- 
panies in the United States. By using question- 
naires and personal interviews, a number of 
unique characteristics were described which 
distinguish venture teams from traditional 
forms of industrial organisations. A list of these 
characteristics helps to define more specifically 
the nature of venture organisations: 


(1) organisationally separate—Burns and Stalker [2] 
found that the most successful new product ventures 
were geographically as well as organisationally separate; 


(2) multidisciplinary—the interaction of team mem- 
bers with different skills was considered essential for 
creativity; 


(3) diffusion of authority—team members were not 
confined by job descriptions and were free to develop 
working relationships; team managers were often 
indistinguishable from other members; 


(4) environment of entrepreneurship—‘“free wheeling” 
atmosphere together with financial or personal commit- 
ment by team members; 


(5) top management support—venture team members 
usually report to managers at the highest level; 


(6) market oriented missions—rather than product 
oriented, but otherwise broad discretion in method of 
operation; 


(7) flexible life span—lack of strict deadlines for the 
accomplishment of tasks or goals. 


In his report on a business venture in ICI, 
Vernon [7] covers all these points. In some 
cases there is qualification or emphasis which 
one might expect to distinguish a British study 
from an American one. For example, he 
tempers the concept of a “free wheeling” at- 
mosphere with comments about the need for 
plans to be made carefully and all staff to be 
“finance-conscious”. 

If team members have a personal financial 
commitment, this problem will be self regulat- 
ing. But where it is common, as in British com- 
panies, for all finance to be channelled from 
the parent company, it is necessary to have 
checks and procedures to ensure spending is 
kept to reasonable limits. Unfortunately, this 


intrusion of bureaucracy, however slight, can 
seriously endanger the venture philosophy. 
Perhaps this is why Vernon stresses the need 
for the venture manager to create and maintain 
optimism within the team. Despite this, how- 
ever, Vernon presents a generally hierarchical 
view of venture organisation. In contrast, Hill 
and Hlavacek stress the need for the leader to 
be one amongst equals. 


A RECENT QUASI-VENTURE 
EXPERIMENT 


The experiment took place in a subsidiary of 
a large British group and we shall refer to this 
subsidiary as the XYZ Company. For many 
years XYZ had produced a range of small to 
medium volume products which were supplied 
to industrial users. Substantial innovation had 
occurred after World War II and a number 
of important and successful products were 
launched. 

Most of these were derivatives of existing 
products and they satisfactorily served to 
enlarge existing markets and also to create new 
ones. One major new product was quite radical 
and established the company in a useful new 
business. The product was developed outside 
the company in a project funded jointly by 
XYZ and the ‘Customer’. It is reported that 
the success of this project resulted from the 
determination of three forceful personalities— 
the inventor of the product, a senior manager 
of XYZ and a senior manager of the ‘Cus- 
tomer’. The product was highly profitable for 
a few years but then turnover began to decline. 

The decline of this product formed part of 
a general decline in XYZ’s turnover in the 
period from the mid-1960s to the present. In 
the ten years up to 1976, turnover had de- 
creased in real terms by 25 per cent. With im- 
provements in production processes, employ- 
ment had reduced by some 50 per cent in the 
same period, causing the loss of over 2,000 
jobs. Many of the best markets had disap- 
peared and some products had become obso- 
lescent. Those which: remained were mainly 
being sold to stable or declining markets. To 
a large extent the company’s fortunes were 
dependent upon the success or failure of a 
handful of major customers to whom much of 
the production was sold. 
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During the years of decline, XYZ had made 
some efforts to introduce new products but 
none had met with commercial success. A 
reason for this was that the management team 
had come to be dominated by production 
managers who saw the problem in terms of 
cost cutting and improvement to existing 
manufacturing processes. The innovative flair 
which had flourished during the 1950s had 
been submerged as the products which it 
created moved into the mature stages of their 
lives. Many creative individuals had left the 
company to work elsewhere, or had retired, or 
had resigned themselves to grow old with their 
products. 

There is evidence that during the period 
from 1966 to 1976, expenditure on product in- 
novation was grudging and inadequate. To 
quote the percentages of the company turnover 
which were spent on research and development 
and to compare these with the published aver- 
age figures for the industry, would enable an 
astute reader to make guesses at the real iden- 
tity of XYZ. To support the argument it must 
merely: be stated that research and develop- 
ment expenditure in XYZ ran at about one 
third the average level maintained by similar 
British firms in the industry. 

In addition to this financial perspective, in- 
terviews with members of staff and inspections 
of written records confirmed the trend. It was 
found that the innovative projects which were 
allowed to start up, were under constant attack 
by critics. They were treated as irrelevant even 
by the most senior members of the company. 

In 1976 some new senior managers began 
to make their mark in the company. Amongst 
a number of changes which took place, was 
a decision to devote more resources to a pro- 
gramme of new product development. It was 
decided that the programme would be run on 
venture lines and a new division of the com- 
pany was formed to provide a framework for 
the development projects. This new division 
was created by the reorganisation of the exist- 
ing production divisions of the company. See 
Figs 1 and 2 for simplified organisation dia- 
grams. 

It was intended that each venture project 
would be run as an independent enterprise. Its 
manager would report straight to the new divi- 
sion’s director, who, together with the other 
divisional directors, was a board member. In 


this way, it was anticipated that decisions 
about appraisal and finance would be taken 
speedily and that this high level linkage would 
ensure general “protection from the system”. 

The grouping of the new ventures with the 
old division A was an attempt to use the ex- 
perience built up in that division. The ventures 
were financially separate with independent 
budgets and would buy services and goods 
from division A in the same way as from exter- 
nal sources. As the ventures flourished it was 
thought that each would become established 
as separate operating divisions in their own 
right. 

Six months after the structural changes, it 
was clear that the new ventures were not 
working as expected. The first of the projects 
had been run down and most of the staff 
posted elsewhere. Other projects were failing 
to prosper and their managers and staff were 
becoming demoralised. The following six fac- 
tors were seen to be responsible. 


(1) Inadequate initial screening of projects and 
lack of marketing awareness 


Such was the initial enthusiasm of the manage- 
ment of XYZ for the venture idea that the 
first product for development was selected 
without proper consideration of its potential. 
Stevens [6] claims that most venture failures 
arise because neither the product nor the 
manager is sufficiently outstanding. In too 
many cases, he says, the product does not have 
either a sufficiently large sales potential or 
a big enough profit margin to provide the 
foundation for an independent business. On 
the basis of the information available, XYZ 
could not have forecast sales or profit with any 
certainty. 

Perhaps even more fundamental was the fail- 
ure to be sufficiently market-oriented in the 
selection of projects. XYZ was particularly 
weak in terms of marketing and much previous 
innovation had failed because technical in- 
genuity had taken precedence over gaining an 
understanding of the user’s needs. Several 
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excellent products had been devised for which 
it was eventually found that only insignificant 
sales could be obtained. This does not mean 
that no results of speculative development 
work should be considered. Vernon indicates 
that the success of the ICI venture operation 
stemmed from a chance technical discovery; 
but the starting point was a market analysis 
and only when an opportunity was identified 
did a search begin for suitable technology. 
These points are also reinforced by Gardner 


[3]. 


(2) Lack of commitment by top management 


Faced with the news of technical problems 
with the first project, the reaction of the man- 
agement was to take resources away from it. 
Conversely, when progress and _ prospects 
looked good, ever more optimistic targets were 
set. The point here is that once a potential pro- 
ject has been thoroughly analysed and then 
selected, the. venture manager should be insu- 


lated from inconsistency. Whilst the company | 


was naturally anxious to see projects succeed, 
it should have been ready to accept that 
some—even a majority—might fail, and the 
best chance of success would be assured by 
steady support. 


(3) Lack of protection from the organisation 


Very soon after the first, venture project was 
established, the pressure of bureaucracy began 
to be felt. At the corporate level, the Strategic 
Planning Department decided it would need 
the venture manager to provide extensive 
product appraisal information. A lengthy ques- 
tionnaire was issued which demanded informa- 
tion in great detail about technical and com- 
mercial aspects of the project. It was returned 
for revision several times and the estimates 
which it contained began to be regarded as 


facts. More disturbing, the simple predictions, 
acknowledged to be ‘guestimates’ upon which 
the project had been established were increased 
without good reason during the process, so 
that the project appeared to grow more attrac- 
tive and expectations were raised. 

At the Divisional level, the Buying Depart- 
ment monitored the purchases of material and 
equipment made by the venture team members. 
It complained that through inexperience, high 
prices were being paid. It insisted on the use 
of ‘correct procedure’ and the result was much 
paperwork and long delays instead of imme- 
diate deliveries. 

The effect of these actions was to divert and 
dilute the entrepreneurial energy of the team 
members. A better ‘selling job’ of the venture 
concept to the rest of the company by the man- 
agement may have helped, but short of geo- 
graphical separation, it is unlikely that estab- 
lished service departments could have stood 
aside, perhaps to be eclipsed if the new venture 
grew to success. 


(4) Reluctance to give venture manager freedom 
of action 


The problems concerning buying have already 
been mentioned. There was also a tendency for 
staff to be appointed to the projects who were 
not the choice of the venture manager. In the 
area of finance, although budgets were agreed 
and allocated, the venture manager was 
required to obtain authorisation for even rela- 
tively small expenditures. The effect of these 
interferences and restrictions was to blunt the 
enthusiasm of the manager and his team. 


(5) Tendency for mechanistic forms of operation 
to be created within the venture groups 


The chosen venture managers had gained their 
experience largely within the parent company, 
and it is not surprising, therefore, that they 
tended to develop their groups along tradi- 
tional lines. Hanan [4], Gardner [3] and Hill 
and Hlavacek [5] all suggest that an informal 
organisation with uninhibited communications 
is the ideal form for innovative groups. The 
groups set up by XYZ soon showed the mani- 
festations of an emerging hierarchy, such as the 
grading of offices, competition for appointment 
of secretaries and a general growth of paper- 
work. Inevitably, preoccupation with these ele- 
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ments led to reduced vitality in the real work 
of the project. 


(6) Lack of real incentive for team members to 
succeed 


In this venture experiment there was no ques- 
tion of financial investment by the team 
members, to be followed by the prospect of 
high reward when the project became a suc- 
cess. The main incentive lay in the suggestion 
that if all went well and a good business was 
created, then the participants would assume 
positions at a much higher level than they 
could otherwise have expected. However, 
another possibility which was stated was that 
as the project developed, it would be ‘grafted’ 
on to an existing operation and come under 
the control of an experienced senior line 
manager. 


CONCLUSIONS 


Appraisal of the potential of the venture con- 
cept is made difficult because the published 
research tends to be concerned with projects 
that have been commercially successful. Hence, 
it is felt that this paper will help to increase 


understanding of the venture concept by pre- 
senting a case study of an unsuccessful attempt 
to introduce this concept within a large UK 
company and by diagnosing organisational fac- 
tors that may render a venture group impotent. 

The unsuccessful XYZ experiment highlights 


a number of essential features which are 
necessary if a venture or quasi-venture exercise 
is to achieve its objectives. The essential fea- 
tures which were seen to be absent from XYZ 
can be summarised as: 


(1)proper understanding of products anc 
markets; 


(2) consistent top management support ; 

(3) protection from large company bureacracy; 
(4) venture manager’s freedom of action ; 

(5) free. wheeling, informal operation ; 


(6) real incentives for team members. 


The literature review indicated the impor- 
tance of the difference between the operation 
of the venture concept in the US and else- 
where. The original concept was tied up funda- 
mentally with financial participation by team 
members as well as by the parent organization 
and third parties. This element of personal 
commitment is not usual outside the US and 
was not evident in this case study; conse- 
quently the results obtained by quasi-venture 
groups can be quite different from those 
obtained by real venture groups. 

It is dangerous to generalise from a single 
case but the XYZ exercise suggests that two 
important aspects require further study: 


(i) the need for geographical separation—many of the 
problems encountered by XYZ were aggravated because 
the groups had to operate within an existing company 
location. This made it too easy for the established 
bureaucracy to interfere and for conspicuous entre- 
preneurial action to be criticised. 


(ii) the need for real incentives for team members 
whether this is by bonus payments, equity participation 
or some other means, the requirement is that there 
should be the prospect of relatively considerable per- 
sonal gain. Indication of rapid promotion is not, in itself, 
sufficient incentive. 
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A number of analytical techniques have potential applications in marketing management. A 
questionnaire survey of marketing managers reveals that although the level of awareness of such 
techniques is high the usage made of many of them is low. Optimising techniques are generally 
less widely used than those concerned with aggregation of judgements. Associations in the usage 
of techniques appear and although limited differences between types of industry are apparent in 
this respect, organizational differences appear to be less significant. 


THIS paper is concerned with the results of 
a detailed questionnaire sent to 60 middle and 
senior personnel with a very substantial bias 
towards the line marketing function: 41 pro- 


vided usable replies. This questionnaire as well 
as a number of detailed interviews formed a 


programme of research discussed previously 


[5]. 


OBJECTIVES AND USAGE 


The major objective of the research was to 
ascertain what decision aids were actually ex- 
tensively used by line managers and to evaluate 
possible implications of these results. This 
article will where appropriate contrast the im- 
pressions gained as a result of the detailed in- 
terviews with the survey results. 

To ensure consistent definitions for the 
various techniques, a short description of each 
technique was circulated with the initial ques- 
tionnaire. The definitions used are given in 
Table 1. Tables 2 and 3 indicate the overall 
results for the whole sample. Table 2 gives the 
actual response figure (n = 41) whereas Table 3 
gives percentage figures calculated on different 
appropriate bases as indicated. Table 4 is a 
rank ordering by usage. A previous article [5] 
suggested that usage of decision trees, aggre- 
gate simulation and delphi methods would 
dominate micro-simulation and optimisation 
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methods. This is clearly the case—indeed to 
a dramatic extent in that the only aids actually 
used by more than 50% of people aware of 
them (excluding evaluative methods which 
were not previously discussed): Delphi, Macro 
Marketing Models, Decision Trees, Sensitivity 
Analysis and Econometric Models. There is 
also reasonable evidence to suggest that the 
problem with many decision aids is clearly lack 
of usage (and by implication therefore lack of 
appropriateness) rather than lack of knowl- 
edge. 


A ‘success’ rating 


We are, of course, interested in levels and 
growth of usage as well as absolute usage. A 
weighted index of usage was therefore gener- 
ated by using the weights indicated in Table 5. 
It has been assumed that a decision aid which 
has been tried but discontinued should be 
penalized more than one which has never been 
used. The calculated success rating for each aid 
is shown in Table 6. 

The Success Ratings are not significantly dif- 
ferent from the usage ratings except perhaps 
in the case of Heuristic Methods which are 
clearly used extensively by those who actually 
use them. 

The implications of these ratings are there- 
fore very similar to usage patterns and it is 
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TABLE 1. DEFINITION OF DECISION TECHNIQUES 





IDENTIFY OPTIONS 


Decision Trees: A diagramatic technique to present the chronological sequence of both decision options 
and probabilistic outcomes. 


Stage 2: FORECASTING OUTCOMES 

2.A. Econometric Models: The development of a whole series of relationships often as a result of historical 
analysis to explain the broad economic response to various policy measures. 

2.B. Marketing Macro Models: Models derived in a similar manner to econometric models above using broad 
relationships (viz advertising on sales) derived by both historical analysis and judgement. 

20. Game Theory Models: Models based on specific assumptions about competitive response functions to 
particular actions, particularly two-company market situations. 

2.D. Sensitivity Analysis: Often associated with 2.A, 2.B and 2.C above, to develop an understanding of the 
sensitivity of predicted outcomes to the changes in input assumptions. 

2.E. Marketing Micro Models: Models derived from micro analytic relationships (viz individual customers 
response to specific advertising) which are generally used via probability techniques to produce a probability 
distribution of outcomes. 

2.F. Delphi: The use of a systematic method to generate a consensus view among a panel of ‘experts’ on 
outcomes. This method involves asking individually for outcome forecasts and then providing an oppor- 
tunity for individuals to modify their forecasts in the light of the average response from others. 


SELECT OPTION 


Discounted Cash Flow: A financial technique for calculating the internal rate of return of a forecast cash 
flow stream. 


Expected Value: Often combined with 3.A but specifically involving modifying the projected cash flow 
outcomes by the probability of their occurrence. 

Risk Free/Risk Trade-Off Return: Involving modifying the expected return by some means or other to 
represent the degree of risk (variability) attached to the average outcome. 

Regret Analysis: Identifying the opportunity costs of each decision option under all possible outcome 
situations and identifying the preferred option according to various specific strategies. 


MULTI STAGE TECHNIQUES 


Really this only involves techniques broadly known as optimisation methods which cover Stage | (mainly), 
Stage 2 (completely), Stage 3 (mainly). 


Linear Programming: A formulation of both the variable relationships and also the objectives in a broadly 
linear and additive fashion. 


Transportation: A simplified form of 4.A, often used to derive optimum distribution patterns. 


Heuristic Methods: The use of various approximate methods to identify the best solution according to 
some defined objective. 





TABLE 2. 





Tried and usage is now Current Applications are: 





Not Never Discon- _ Infre- Very 
known used tinued quent Average frequent Growing Static Declining 





Decision Trees 
Econometric Models 
Marketing Macro Models 
Game Theory Models 
Sensitivity Analysis 
Marketing Micro Models 
Delphi 

DCF 

Expected Value 

Risk Trade-Off Return 
Regret Analysis 

Linear Programming 
Transportation 

Heuristic Methods 


11 10 
10 6 
14 


5 
9 
11 
8 
10 
9 


COCOW RAR AK WNW NN OS 
coor oocoonNnrwr§- OCOOor$- Oo 
ROW RWKUNUNODSLUYNWY 
CONFANOUOUS— O~ 
NK On-r- Oer WOON ww 


6 
3 
7 
5 
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TABLE 3. 





Tried and usage is now: 


Current applications are: 





Not 
known 


Discon- 
tinued 


Never 
used 


Infre- 
quent 


Very 


Average frequent Growing Static Declining 





Decision Trees 

(DT) 41 
Econometric Models 

(ECM) 44 
Marketing Macro Models 

(MMA) 5 33 
Game Theory Models 

(GTM) 70 
Sensitivity Analysis 

(SA) 42 
Marketing Micro Models 

(MMI) 56 
Delphi 

(DEL) 
DCF 

(DCF) 
Expected Value 

(EV) 
Risk Trade-Off Return 

(RTR) 
Regret Analysis 

(RA) 
Linear Programme 

(LP) 
Transportation 

(TRS) 
Heuristic Methods 

(HM) 


46 29 58 
45 : 45 
23 50 
25 K BX 50 
73 
4] 
79 
56 
86 
70 
55 
67 
80 


88 





Non Known as % of Total 
Never Used as % of Known 
All other % of Ever Used 


particularly noteworthy that Delphi type tech- 
niques involving a systematic method for 
aggregating opinions and providing feedback 
on other participant opinions are more widely 
used than is often recognised in the teaching 
of decision techniques. This is clearly an area 


TABLE 4. NEVER-USED VS. NOT-KNOWN ANALYSIS 





Never-Used (%) Not-Known (%) 
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* Evaluative Criterion 


for more deveiopment work and research and 
it is interesting that some work is now being 
done on a more effective framework for assess- 
ing the efficiency of various opinion aggrega- 
tion approaches [1 ]. 

Any conclusion about the relative success of 
a particular technique must be related, of 
course, to the original definitions used in the 
questionnaire. There are two particular issues 
in this case: firstly, the extent to which the 
definitions are, in themselves, reasonable de- 
scriptions of the appropriate techniques, and, 
secondly, the extent to which the definitions 


TABLE 5. WEIGHTING FACTORS 





Not Known 
Never Used 
Discontinued 
Infrequent 
Average 

Very Frequent 
Growing 
Static 
Declining 
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TABLE 6. RANK ORDERING BY SUCCESS 
RATING 





Usage 


Rating Rank 
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differ individually in terms of conceptual com- 
plexity. On the first issue, it is clearly very diffi- 
cult to derive universally acceptable definitions 
but those which were used were seen as rela- 
tively uncontroversial. On the second issue, the 
complexity of the definition for, say, ‘Regret 
Analysis’ is clearly much greater than the 
definition of ‘Delphi’. This is partly related to 
the fact that the conceptual complexity of 
Regret Analysis is indeed significantly greater 
than that of the Delphi method and the impor- 
tant issue is therefore whether the complexity 
of the definition and the language might not 
mean that individual participants fail to recog- 
nise the existence of the more complex tech- 
niques. This concern would appear to be of 
relatively limited general importance since few 
techniques were indicated as significantly ‘not 
known’ and even in these cases at least 80% 
of participants claimed knowledge. However it 


is certainly possible that in the specific instance 
of ‘Heuristic Methods’ the success rating 
should be seen as more relevant to the use of 
well-defined operations research routines com- 
pared with the much more general heuristic 
type of problem solving adopted by managers 
but rarely described by them as a decision 
method at all. 


CORRELATION MATRIX 


It is also possible to generate a correlation 
matrix to indicate the relationship between 
heavy uses of one technique and another. The 
significant elements of the correlation matrix 
are shown in Table 7. Since there are 91 differ- 
ent elements in the matrix (excluding the dia- 
gonal values) it seems most appropriate to con- 
centrate on the correlation factors which are 
significant at the 1% level or better. A represen- 
tation of this set of relationships in terms of 
an association graph is shown in Figure |. 

It is easy to see the three clear groupings: 


(i) option generation 
(ii) forecasting 
(iii) evaluation methods 


Similarly, it is clear that in the last two group- 
ings the developed usage of one technique 
tends to be strongly related to the usage of 
others, although possibly at very different 
levels. This is not altogether very surprising 
when one considers that most techniques in 


TABLE 7. SIGNIFICANT CORRELATION FACTORS 





MMA GTM 


SA DEL DCF EV 





0.51 
0.39 
0.31 





Significance levels for n = 41 
5% r= 0.30 
1% r= 0.39 

0.1% r= 0.48 
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Radius of each circle 
is designed to 
indicate approximate 
success rating for 
each technique 


Significance Level 
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one grouping require relatively similar skills 
and often conceptual approaches. All the link- 
ages are also between what might well be 
termed analytical techniques (which are of 
course the substantial majority of the group 
anyway) and it is interesting that the most sub- 
jective method viz. Delphi is negatively associ- 
ated with this structure of analytical tech- 
niques. 

It is also interesting to note the lack of 


strong links between the various groupings and 
particularly that there is no link in usage terms 
between Decision Trees and Expected Value 
evaluation methods. These two are often seen 
particularly in terms of teaching as almost inse- 
parable and yet it is clear that a more realistic 
view might be to classify Decision Trees as a 
method of option generation and decision 
structuring which is not necessarily related to 
the means of choosing the appropriate option. 
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TABLE 8. WEIGHTING FACTORS FOR ORGANISATIONAL 


QUESTIONS 





BI “In your view, what factors are important in persuading 
senior management to agree to a certain decision.” 
Clear Analysis 
Analysis of Risk 
Subjective Knowledge of Risk 
To 
Convincing Presentation 
Multiplied by importance attached to the relevant fac- 
tor, viz. 
Very Important 
Important 
Not Important 
B2? “Please rank broadly the importance of the following 
sources of information for you.” 
Literature 
Outside Courses/Consultants 
Internal Company Specialists 
Own Subordinates 
Multiplied by rank for particular factor. 





This is consistent with the results of earlier, 
more restricted empirical research by Longbot- 
tom and Wade [3]. 

Again any conclusion about usage groupings 
for particular techniques must be related to the 


respondents’ conception of the techniques used — 


and hence to the descriptions offered. To a cer- 
tain extent the whole layout of Table 1 encour- 
ages participants to utilise the major groupings 
which can be seen in Fig. 1. However the ques- 
tionnaire did not imply, in general, that the 
usage relationships should be stronger within 
these groupings. 

The definition did however refer to links 
between ‘Sensitivity Analysis’ and ‘Econo- 
metric Models’, ‘Marketing Macro Models’ 
and ‘Game Theory Models’ as well as single 
links between ‘Discounted Cash Flow’ and 
‘Expected Value’ and also between ‘Linear Pro- 
gramming’ and ‘Transportation’. In most cases 
these linkages did appear in the analysis, 
although the linkage between ‘Discounted 
Cash Flow’ and ‘Expected Value’ was relatively 
weak and there was no significant linkage 
between ‘Econometric Models’ and ‘Sensitivity 
Analysis’. It remains significant that a number 
of other usage linkages were established whilst 
others were not. 


ORGANISATIONAL FACTORS 


The Questionnaire also contained two ques- 
tions designed to provide an approximate 
measure of the culture of the organisation and 
its ‘openness’. The relative weightings for the 


TABLE 9. STATISTICAL VALUES FOR CUL- 
TURE AND OPENNESS VARIABLES 





Mean o 





— 1.22 
—0.10 


1.33 
3.47 


Culture 
Openness 





various answers to question Bl and B2 are 
shown in Table 8. As a result of summing up 
these weighted responses it was possible to 
establish crude measures of the ‘culture’ and 
‘openness’ of the organisation. The culture fac- 
tor measures the balance between analytical 
and subjective responses and will tend to zero 
in the case of a balance, and is negative in 
the case of an analytical bias, and positive in 
the case of a subjective bias. Similarly, the 
openness factor measures the balance between 
internal and external sources of information 
and will be negative for an external bias and 
positive for an internal bias. From the statisti- 
cal parameters in Table 9 it is clear that most 
responses indicated a bias towards an analyti- 
cal culture (in fact only four responses were 
actually biased towards subjective answers) 
and it is of course difficult to differentiate 
between genuine assessment and a degree of 
bias towards perceived norms particularly for 
a questionnaire from the London Business 
School. The openness variable however shows 
a much more balanced statistical profile. 

The significant correlations are shown in 
Table 10. The results for the culture factor, 
must be treated with considerable caution 
given the previous comments but it would sug- 
gest that an analytical culture encourages the 
use of game theory, Delphi and Transportation 
whilst a subjective culture encourages the use 
of DCF. Similarly, an external bias tends to 
encourage the use of Risk Trade-Off Return 
assessment methods but does not have any 
other significant effects. It is obvious from 
these results that a simple analysis of the 
impact of the organisation culture is rather 


TABLE 10, SIGNIFICANT CORRELATIONS IN- 
VOLVING ORGANISATIONAL FACTORS 





Culture Openness 





0.31 
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TABLE 11. 





Cons/Cons Cons/Ind Capital 





1.29 : 1.0 
0.93 0.25 
0.82 0.62 
0.50 —0.50 
0.61 0.50 
0.86 

0.14 





inadequate. Two points which came across 
particularly in the detailed interviews need to 
be considered: 


(1) There is often a considerable distinction 
between how a particular manager makes his 
own decision as compared to how he ‘sells’ it 
within the organisation—a number commented 
that they used particular analytical techniques 
to help them make up their own minds but 
would not have considered revealing the 
detailed analysis when persuading their super- 
visors to accept the project. 


(2) There are often seen to be other impor- 
tant contingent factors particularly the charac- 
teristics of the market place which may well 
dominate the impact of organisational culture. 
This is an issue to which the survey results 
can be addressed although any definition of 
market characteristics will have to remain 
rather approximate. 


MARKET CHARACTERISTICS 


It is possible to segment the total sample into 
four general market groups: 


service industries; 
consumer industries; 
consumables to industrial customers; 


capital goods to industrial customers. 


The sample, however, for the first and last cate- 


gories is very small. The success ratings in each 
category are shown in Table 11. The rankings 
of the top five techniques in each category is 
shown in Table 12. This inevitably indicates 
some fluctuations and does suggest that in cer- 
tain sectors, particularly industrial markets, 
evaluation methods such as Expected Value 
and Risk Adjusted Return are much better 
established. In terms of assessing relationships 
between usage of various techniques in particu- 
lar market sectors the only category where 
significant correlations occur partly at least 
because of sample size is the industrial/con- 
sumables category. Significant correlations are 
shown for this category in Table 13—the basic 
pattern is not dissimilar to Fig. 1. No signifi- 
cant correlations exist between technique usage 
and either the culture or openness factor. 


IMPLICATIONS 


The original thinking behind the survey was 
that recognised usage of a certain decision aid 


TABLE 12. RANKINGS OF FIRST FIVE ONLY 
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TABLE 13. CONS/IND: SIGNIFICANT CORRELATIONS (r > 0.59): 


0o/ 
l o 





MMA GTM MMI 





0.63 
0.81 





and research development. It is, however, im- 
portant to realise that there is also an argu- 
ment that certain decision aids provide a 
framework in which to appreciate the advan- 
tages and limitations of other more simple 
approaches—a framework which becomes im- 
plicit once it is fully understood. Whilst it is 
difficult to sustain such an argument in the 
case of Econometric Models, Risk Adjusted 
Return and Marketing Micro-Simulation 
Models, it certainly has some validity in the 
case of optimisation approaches such as linear 
programming. 

But the situation in which such techniques 
are not used widely in their own right must 
generate another series of questions. The value 
of a technique as an implicit conceptual frame- 
work must be compared with alternative 
methods of structuring or handling the issues. 
To argue that a certain approach represents 
the real situation is facile—it is only an 
approximation to it, surrounded by constraints 
and limiting conditions. Hence the ‘aid to 
thinking’ argument is a value-laden com- 
ment—it is better interpreted as an aid to a 
certain way of thinking which may be benefi- 
cial to a certain individual in a specific situ- 
ation. We have explored this issue much more 
fully elsewhere, [2] but the basic dilemma can 
be parodied by the issue of giving effective in- 
tuitive thinkers a structured analytic approach 
which is at best ignored by them and at worst 
a source of considerable confusion. In this situ- 
ation it is often more beneficial to build on 
and develop existing competences than to try 
and replace them. In this context even rela- 
tively simple structured approaches have their 
dangers—for instance, the simple linear de- 
scription of option generation, forecasting and 
evaluation is only an approximation to realities 
of complex decision making [4]. 


CONCLUSIONS 


1. The overall survey indicates a much wider 
use of systematic methods for aggregating 
opinions and providing feedback than is nor- 
mally recognised. This is clearly a priority area 
for development work and better theoretical 
development. 


2. The overall survey also indicates the very 
restricted use of optimisation procedures for 
marketing situations. This increases the sus- 
picion that such methods are of limited direct 
value in most marketing situations and that - 
it is often of greater benefit to look at the 
stages of option generation, forecasting and 
evaluation as separate but related activities. 


3. Forecasting procedures based on aggre- 
gate simulation procedures have been reason- 
ably well developed, particularly macro market 
simulation methods; perhaps inevitably the de- 
velopment of one such method appears to 
encourage the development of others. 


4. Evaluation procedures such as DCF are 
widely used although it is clear that the usage 
pattern for these is different from forecasting 
methods, i.e. they tend to be used extensively 
or not at all compared with a more normal 
distribution of usage for forecasting methods. 
This might well imply that the use of evalu- 
ation methods is more a function of organisa- 
tional procedures than of actual problem 
characteristics. 


5. It is very difficult to evaluate the impact 
of organisational culture and it has become 
clear that it is necessary to appreciate the 
distinction between organisation procedures 
(perhaps as above) and individual preferences, 
rather than look solely at the organisational 
issue. 


6. There is no evidence that the relative 
openness of the organisation in terms of exter- 
nal sources of information has any significant 
impact on the adoption of specific techniques. 


7. Certain changes occur between one mar- 
ket sector and another some of which seem 
directly related, e.g. as the customer group 
becomes much smaller the value of aggregate 
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market models will become less, and others 
which probably relate to different industry pro- 
cedures in assessing options, e.g. in industrial 
markets there appears to be a greater attempt 
to incorporate risk adjusted methods. 
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A town or village attracts people from its hinterland to purchase goods by virtue of the amount 
and variety of goods on offer. Similarly, a department store attracts customers away from competi- 
tors by means of displays, staff expertise, stock holdings and numerous other parameters. The 
store is generally free to manipulate these parameters subject to certain restrictions; the manipula- 
tion will have a direct affect on the ultimate profitability of the store. This paper describes some 
current research that is being carried out in conjunction with a department store group. The 
ultimate aim is to link the corporate planning of the group and each store to detailed socio- 
economic data describing the population. Some aspects of the problem have been investigated 
in depth, some are currently being discussed and some have not been considered at all as yet. 
The latest position will be reported and hopefully some feedback will be engendered. 


INTRODUCTION 


THIS paper is the initial report of some work 
undertaken in the UK on behalf of a large 
department store group. The scope of the 
research overall is to develop a methodology 
for the future capital expenditure of the group, 
and in particular to identify where new stores 
could be opened, to suggest the size of such 
stores, to decide whether or not existing stores 
should be expanded, and so on. At the present 
time, such expenditure lacks a global view and 
is thus undertaken piecemeal; the aim of the 
project is ultimately to present a group-wide 
view, with all the various interactions this 
would involve. 

However this paper has a far less ambitious 
objective. It is obviously necessary in this work 
to understand how an individual department 
store operates, what are the constraints under 
which it must act, and what are the various 
decision parameters under its control. This 
paper describes the work that has been carried 
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out to develop a planning model of a store; 
some of the work has been completed, but 
much is still in the formative stage and it is 
hoped that this presentation will generate com- 
ments and feedback to us. 

The paper is divided into a number of parts. 
Firstly the general problems of controlling a 
store will be discussed in some detail. This dis- 
cussion will identify a number of separate 
aspects whose derivation and measurement will 
be analysed. Finally the threads will be drawn 
together with the presentation of various 
models. 


THE STORE MANAGER'S 
PROBLEM 


Certainly in this group, and generally in 
many such groups, the store manager has con- 
siderable autonomy provided that he (or she) 
is reasonably successful. The manipulation of 
certain decision parameters is under his own 
control; hence the title of this section. 

Superficially his problem is easily stated: For 
each item in the store, and this may run into 
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thousands, he has to match supply with 
demand in such a way as to optimise some 
objective(s). Supply is very much under his 
control and as such is a primary decision par- 
ameter; unfortunately demand is not fixed and 
independent of supply nor is it independent of 
a number of other parameters under the 
manager’s control. 

The derivation of a demand function is 
highly complex. Moving away from the store 
for the moment, picture a country homo- 
geneously scattered with consumers. Now 
place in this country a limited number of inde- 
pendent and separate shopping centres; it is 
not impossible to imaging the consumers gravi- 
tating towards the centres as a direct function 
of their ‘attractiveness’ and an inverse function 
of their ‘distance’. Briefly completing the ana- 
logy, which will be discussed in far greater 
depth in the next section, it would therefore 
be possible, in theory at any rate, to compute 
the potential demand that the consumers will 
place upon any particular shopping centre. A 
department store manager in such a centre can 
do little to influence this potential demand, 
assuming of course that the size of the store 
is small in relation to the overall size of the 
centre. The assumption is likely; department 
stores are usually (invariably) placed in large 
shopping centres. 

Once the consumer has arrived in the shop- 
ping centre, the influence that the manager 
now has is considerably increased. He is com- 
peting using the resources at his disposal with 
the other shops and stores in the centre for 
the consumer’s attention. If he increases the 
resources allocated to one particular item, 
ceteris paribus, he must increase the demand 
in his store for the item. A more detailed dis- 
cussion of the various resources he can allo- 
cate, and the nature of the demand function, 
is left to a later section. 

But the manager’s problem has not yet 
finished. The resources he is allocating are 
strictly finite and hence the various items are 
in competition with one another. For example, 
short of rapidly expanding the store, the total 
selling floor space is fixed; if more space is allo- 
cated to one item, less space has to be allocated 
to another. The demand for the former may 
increase, but for the latter will decrease, which 
could result in a net detrimental effect on the 
manager’s objective. Thus the manager has to 


decide upon the optimal allocation of these 
resources, a typical mathematical program- 
ming problem, although of course highly 
complex. The next sections will discuss the 
construction of the various relationships 
necessary to solve the manager’s problem opti- 
mally. 


THE DERIVATION 
POTENTIAL DEMAND 


In this section we will examine the measure- 
ment of the potential demand for an item (or 
collection of items) in terms of the success of 
a Shopping centre in attracting consumers from 
within the surrounding area. For confidentia- 
lity, we will identify the particular department 
store under consideration as D, situated in 
shopping centre C. 

The underlying basis for work in this area 
is due to Reilly [9], who postulated that com- 
peting shopping centres would extract custom 
from the intervening hinterland in direct pro- 
portion to the ‘attractiveness’ of the centres 
and in inverse proportion to the square of the 
physical distance from each centre to the hin- 
terland. Mathematically, one may define 


Pst ead (a,/d3)/¥ (a,/d2, (1) 
vr 


where p,, is the proportion of customers from 
area s going to shopping centre ft, a, the ‘attrac- 
tiveness’ of centre r and d,, the distance 
between s and r. The statement is termed the 
law of retail gravitation after the obvious ana- 
logy with the Newtonian law of gravitation. 
Since Reilly in 1929, there have been a number 
of suggestions and improvement to this basic 
model. Perhaps the most recent version is that, 
after statistically examining some 43 measures, 
‘attractiveness’ has been shown to be highly 
correlated with the total available floorspace 
in a shopping centre [8]. Another important 
modification is to replace the physical distance 
with a measure of economic distance, i.e. how 
much would it cost a consumer to travel from 
s to r, or travelling time. 

The actual use made of equation (1) in prac- 
tice was as follows. First we examined D’s deli- 
very and credit files to identify the boundaries 
of the catchment area. Using the 1971 Census 
of Population [2], this area was subdivided 
into 74 wards. This was necessary because a 
lot of the data we were able to collect was 
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only by ward. The next step was to identify 
the major shopping centres competing over 
this catchment area. As centre C was situated 
to the north-east of London, it was felt necess- 
ary to subdivide London into identifiable shop- 
ping centres, e.g. Oxford Street, Brent Cross. 
The location and total trading floor-space of 
each centre was available from a 1971 Census 
of Distribution, carried out by the Greater 
London Council [4]. Finally, after identifica- 
tion by planning offices of the precise bound- 
aries of each ward as in 1971, the distance 
between each ward and each centre was 
measured in terms of ‘main road distance’. It 
was felt that, as the entire area is relatively 
wealthy, most people travelled by private car 
rather than public transport. Hence, a vector 
containing the proportion of consumers living 
in ward i shopping in centre C was calculated. 
The above analysis does ignore the possibility 
of consumers buying goods near their place of 
work; it was felt that such purchases tended 
to be mainly for foodstuffs (which a depart- 
ment store does not generally sell) and that 
hopefully the total discrepancy was small 
because we had no way of checking on these 
sales. 

We now have to move from the proportion 
to the potential demand for each item (or 
group of items). The 1971 Census of Popula- 
tion [2] identified pari passu, the number of 
households in each ward, whilst two reports 
by the GLC defined the socio-economic group- 
ing (SEG) of the population within each 
ward [5, 6]. Finally a recent Family Expendi- 
ture Survey[3] describes the income and 
expenditure distribution, coded by occupation 
of the head of the household, who may be iden- 
tified with a particular SEG. Thus, from com- 
bining these three sets of statistics, we arrived 
at Djs, the demand for item i by SEG q in 
ward s. 

Hence, 

D¥ = pu > Digg wheret = C (2) 
$ q 
the potential demand for item i in centre C. 

As we had no intention of considering each 
item sold by D individually, we used instead 
18 groups of similar items, corresponding to 
the internal product groups as defined by the 
store; indeed, throughout this paper, the words 
‘item’ and ‘groups of similar items’ are synony- 
mous. There were, as one might imagine, con- 


siderable difficulties in combining together 
statistics from different sources and of different 
ages. We attempted to reconcile figures where 
ever we could; where we could not, a qualified 
pragmatism was used. 


THE SCARCE RESOURCES 


We have so far described how the potential 
demand for a particular item in a particular 
shopping centre may be calculated. We will 
now turn to the next problem, namely a discus- 
sion of the scarce resources under the control 
of the manager and the relationship between 
these resources and the actual demand in the 
store. 

One could have drawn up a very long list 
of factors that would obviously influence a 
consumer into buying in one shop as opposed 
to another. Such a list would not be very prac- 
tical; we had discussions with a number of 
store managers of this particular group and the 
general consensus was that there were three 
principal factors, namely floorspace, stock 
and labour, that would influence demand. 
Strangely, price was not regarded as such an 
important factor; on the whole there was little 
price distinction between shops in the centre 
unless there was a deliberate attempt to sell 
off a line. 


(a) Floorspace 


Floorspace is perhaps the most obvious 
scarce resource. It is obviously limited by the 
physical size of the store and also, ceteris pari- 
bus, an increase in the space allocated to a 
good should increase its relative demand. 
However in practice it is not quite as simple 
as that: floorspace is not homogeneous in its 
appeal. If we adopt as an index profit/sq. ft., 
then the index decreases as the distance from 
the ground floor increases. Also the space on 
each floor may be subdivided; prime space is 
opposite the main entrance, good space is 
opposite the side entrances and the mouths of 
the escalators and lifts, whilst the rest is simply 
standard space. To increase the space allocated 
to a good and simultaneously move it to a 
worse kind of space, need not necessarily in- 
crease the demand at all. 

This lack of homogeneity presents a major 
problem. What we would like to do is con- 
struct a model that would ultimately compute 
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the amount of floorspace that should be allo- 
cated to a particular item and also where the 
floorspace should be located. This would 
require such data as the change in sales as a 
good is moved around the store: these data 
are just not available nor are any records kept. 


(b) Stock 


Generally department stores have little stor- 
age space, their total stock is usually on dis- 
play. This of course does encourage the cus- 
tomer if a large, and varied stock is available. 
But for the manager it does create a problem. 
As demand is a function of the stock level then 
one of two situations may occur: 


(i) the level of stock needed to generate a 
certain level of demand is greater than that 
level of demand, which implies that there will 
always be unsold items on display. This may 
create problems of stock turnover and cause 
low profitability returns per stock item. 


(ii) the level of stock needed to generate a 
certain level of demand is less than that level 
of demand, which implies that customers will 
have an unsatisfied demand and sales will be 
lost. This situation is generally an anathema 
to managers who primarily see themselves as 
traders rather than businessmen. 


There are further complications, namely that 
the stock level must be restricted by the floor 
space available and also by the working capital 
funds. The store can only afford to hold limited 
stocks. 


(c) Labour 


In.the front-line of any store are the sales 
staff. Such staff are extremely important as they 
directly influence the customer. As the level of 
staffing drops, the waiting time of customers 
increases and ultimately demand will decrease. 
But staff is a direct cost to the manager and 
as such he has to decide upon a suitable level 
for each item. His task is complicated because 
many of the staff are specialists and thus not 
interchangeable. 


THE CONSTRUCTION OF 
A DEMAND FUNCTION 


In discussing the key parameters under the 
control of the manager, we must note that not 


only do they all directly influence demand, but 
also that they are all inter-related. One must 
be careful here to distinguish between demand 
and sales, for demand may exist independent 
of sales. It is firstly suggested that the demand 
function for a particular item is expressed in 
terms of relative allocations, ie. the market 
share A; is given by 
D; Bui 
i= 5 AG) 
where D, is the demand for item i at D, and 
B,; and c,; the scarce resources of type k allo- - 
cated in D and in the entire centre C respect- 
ively to item i. 
A more precise statement of the form of this 
function requires a further assumption and we 
consider two alternative ones. 


(a) Multiplicative demand function 


This is based upon the assumption that if 
the allocation of any scarce resource is zero, 
then the resulting demand is also zero, and fur- 
thermore that there are decreasing returns to 
sale, i.e. 


4, = [] ri 0 < a, <1 
+ 


where r,; = (B,;/c,;). It is felt that the manager 
would be able to give an indication of the ‘rela- 
tive importance’ of each scarce resource in in- 
fluencing demand; for a multiplicative func- 
tion, we interpret this statement as an estimate 
of the relative elasticities of demand. Assuming 
that resource | is the base resource, the relative 
importance is defined by 


-(=-4)/(F “) = (%) ae 
” Ory Aj Ory, A; "I ry) \OA/Or,; 


Vai = (Ai/444) 


The interpretation is not entirely fortuitous as 
it does result in an expression that is indepen- 
dent of r,;. The demand function may now be 


written as . 
ay; 
4, = (1 nt) (3) 
[k 


Given the status quo (A?,r?.) we can compute 


a= In 29/5” yi In rf; (4) 
k 


(b) Separable demand function 


The underlying assumption here is that 
demand is generated by each scarce resource 
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in isolation, and that the total demand is com- 
puted from the addition of the individual 
demands, i.e. 


4, = y Silas) 
k 


Notice that this assumption makes the clear 
distinction between demand and sales, for 
obviously there can be no sales unless a posi- 
tive quantity of all the scarce resources is allo- 
cated. To produce a logical interpretation of 
‘relative importance’ in this situation is how- 
ever difficult, and perhaps the easiest direction 
is to assume that in practice there would be 
little movement away from the status quo, so 
that a linear demand function would not be 
unrealistic, i.e. 


A, = Ap + Y deilrei — rp) 
k 


Now, using the same definition of relative 
importance yields 
A, = ap + ayruZ mI 
k 
But there is no simple means of calculating d,; 
from the status quo; the only way is, when the 


allocation has altered from the original status 
quo, to make a direct substitution. 


ALLOCATION OF SCARCE 
RESOURCES 


So far we have outlined the various scarce 
resources that a manager must allocate and 
discussed the restrictions and interdependen- 
cies that impinge on each one of them. We 
have also described the construction of a 
demand function related to the scarce 
resources and also the potential demand of the 
entire shopping centre. Before we can proceed 
further, we need to identify the objective that 
the manager is attempting to optimise. The evi- 
dence for the identification tends to be contra- 
dictory: most managers in isolation are pri- 
marily concerned with turnover. As stated 
above, they are principally traders and their 
general status increases with turnover: further- 
more, in the group the pecking order of stores 
was based upon turnover. On the other hand, 
taking the group view, store contribution (an 
approximation to profit) is a much more useful 
objective and one that the head office is princi- 
pally concerned with. We adopted the prag- 


matic approach: as we had been briefed by the 
head office we used a profitability objective. 

As we have seen, it is feasible to formulate 
this problem as a mathematical program. The 
profitability is easily calculated as the prices 
of the goods are fixed, buying costs, costs of 
floorspace (rent, rates and depreciation) and 
labour (various hierarchies of sales staff) are 
all easily obtainable. The different types of 
scarce resources, their limitations and inter- 
relationships with each other and with the 
demand function, have been described. So one 
could solve the allocation problem as described 
relatively easily although the model might be 
extremely large. Appendix 1 describes a simple 
model and discusses appropriate solution 
methods. 

However our first approach for the manage- 
ment of the group was not to use a MP but 
to develop an heuristic. The heuristic made cer- 
tain gross assumptions but it had the virtue 
of being easily and quickly understood. It 
started by assuming that, just as the division 
of demand between centres was on the basis 
of relative floorspace, the potential demand in 
C could be divided up in proportion to the 
relative floorspace in C, i.e. 


n-(t 
C2: 


where the subscript 2 refers to floorspace. 
For each item, or rather group of items, 
various discrete sales levels were identified, S;,,, 
p = 1, 2,.... With each sales level was associ- 
ated four figures: the profit generated by that 
level of sales (P;,), the space required for those 
sales (SP;,), the stock required for the sales 
(ST;,) and finally the level of staffing required 
to achieve the sales (L;,). Rather than consider- 
ing every possible combination of scarce 
resources as the MP would do, the heuristic 
only looks at certain a priori values. One 
detailed concession was made, namely to 
divide the floorspace up into different types; 
in D we identified seven grades of space 
depending upon the floor one was on and one’s 
whereabouts on that floor. This involved, in 
theory at any rate, producing the above figures 
for each type of space as well (let the subscript 
t denote the type of space). Calculate as a profi- 
tability index, the profit/sq.ft. Pip. = Pip:/SPipr 
(Vi, p, t). For each scarce resource, we assume 
certain known limitations, which are easily 
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ascertainable from the manager. The detailed 
heuristic is as follows: 


1. Scan the matrix P for the highest figures; 
let this be P,,,. As decreasing returns to scale 
were assumed, the greatest profitability was 
generally at the lowest level of sales. 


2. Calculate running totals. (i) add SP,,, to 
total floor space of type t so far consumed; 
(ii) add ST,,, to total value of stock held so 
far; (iii) add L,,, to total staff employed so far. 


3. Compare the current usage of the scarce 
resources with the limitations. If any constraint 
is violated, go to 4. Otherwise go to 5. 


4. Identify the accepted item with the lowest 
profitability. Delete its current level from 
further consideration and adjust the running 
totals accordingly. Go to 3. 


5. Delete from any further consideration, 
items (rsu) Vu # t. This ensures that the same 
item will not be spread out on different types 
of floor. 


6. If there exists spare capacity and some 
items still have to be allocated, go to 1. Other- 
wise calculate store-wide figures and stop. 


Such an heuristic is not optimal, but it does 
enable the treatment of, e.g. the discreteness 
of labour, non-convex profit functions, discon- 
tinuities in floor space, as well as being ex- 
tremely rapid to compute. Data collection is 
a major disadvantage and whilst we have 
demonstrated its usefulness to the manage- 
ment, the application to an entire store is still 
in the future. 


STOCHASTIC DEMAND MODELS 


We now return to the optimising model as 
this is probably of longer-term interest. One 
fundamental assumption throughout the work 
above is that of determinism. Yet, when all the 
analyses are performed, and the manager has 
allocated his resources, the final demand is still 
very much unknown. The sources of this uncer- 
tainty are manifold, errors in the potential 
demand computation, the form of the demand 
function, a shift in buying patterns, and so on. 


But any worthwhile model must attempt to 


_ take it into account. 


How a stochastic demand is to be included 
is still very largely a matter of discussion. How- 
ever, for the want of any better information, 
we made the gross assumption that the 
demand is distributed with an expected value 
given by the demand function (D,) and a fixed 
exogenous variance (a7). This implies no in- 
crease in the uncertainty as the market share 
increases. It is supposed that an estimate of 
this variance may be provided from the histori- 
cal records of the store, together with the ex- 
perience of the manager. 

In the vernacular, the desired stochastic 
model is a “here-and-now” one[12] because 
the resource allocations have to be performed 
before the actual demand can be observed. 
The class of models may be subdivided further 
into indirect, corresponding to the active 
approach of stochastic linear programming 
[11,10], and direct. We will concentrate on 
this latter set, which contains both chance- 
constrained models and recourse models. 

Let us write the deterministic model as 


{max P(x) s.t. f(x) < D;xey} (6) 


where p(.) is the profit function, x the set of 
decision variables, y the feasible space defined 
by the intersection of all the other constraints, 
f(.) a vector (of dimension equal to the number 
of items) representing [sales + expected 
demand] and finally D a vector of random 
variables with zero mean and standard devi- 


‘ation o. Before we can proceed much further, 


we have to discuss the effect of this uncertainty 
on the manager. It implies that there are times 
when he will have allocated resources to 
account for a particular Jevel of demand, and 
that the demand has falien below this level, 
thus reducing his profits. The chance-con- 
strained formulation comes to hand immedi- 
ately; the uncertainty in the model being 
catered for by Pr{f(x) < D} >a. This model 
restricts the violation of the demand constraint 
to, at the most, (1 — a;) proportion of the time, 
for each item. The certainty equivalence of 
these constraints is simply 


fx) < Fo (i - a) 


where F; '(.) is the inverse cumulative density 
function of D,;. The uncertainty here is 
measured by «@ and it is quite feasible to gener- 
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ate a surface {p*(x),a} as naturally « and p* 
are inversely related. 

However, such a model does not really get 
to the heart of the manager’s problem. His 
objective is profit and, at the end of the day, 
trading risk must be measured in terms of lost 
profits. Writing the model as 

‘max. p(x) — g(y*) — h{y” )s.t. f(x) 


+y -y =Diy’.y 2O0:xey~} (7) 


where g(y*) is a measure of the profits fore- 
gone as demand was greater than allowed for, 
and h(y~) a measure of profits lost due to the 
overallocation of resources. Such a model can 
be simplified by assuming a priori, that the 
manager would find acceptable a certain mini- 
mum profit level (p*) or a range of market 
shares, say [A,,4,]. This would remove the 
profit function from the objective, which now 
becomes {min. g(y*) + h(y~)}. The model is an 
example of a programme with simple recourse 
and as such has been studied in some 
detail [13, 14]. Unfortunately it is not easy to 
solve unless some further simplifying assump- 
tions can be made. Appendix 2 contains the 
details of a simple model and also discusses 
the implications of other assumptions. 


SUMMARY 


It is very common, in the UK at any rate, 
to find that managers of department stores do 
not regard themselves as businessmen at all but 
more as traders. This has obviously got an his- 
torical basis. In this paper, we have discussed 
some of the problems of running a store and 
have attempted to display a scientific approach 
to these problems. Like any business, at the 
heart of a store is the economic relationship 
between supply and demand. We have con- 
structed a demand function for the various 
items in the store and examined how this 
demand will vary as the manager allocates the 
scarce resources under his control. We have 
outlined various models that may be used as 
the basis of any structural planning process 
and suggested algorithms that may be imple- 
mented. Uncertainty plays a large part in the 
manager’s problems and we have proposed 
methods of manipulating it so as to reflect its 
true role. 

We have not attempted to answer the funda- 
mental question: what makes a department 
store different from a collection of individual 
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snops; We could put forward suggestions 
related to synergy, ambience and so on, but 
ultimately it is a question we are unable to 
answer. There are other facets that have not 
been discussed. In retailing there is the theory 
of complementarity—namely, that goods that 
tend to be sold together or to the same group 
of customers are put in close physical proxim- 
ity. This can have a major impact on the layout 
of a store. One technique we think might be 
applicable here is graph theory, with weights 
on the arcs denoting the degree of complemen- 
tarity and trying to identify spanning trees or 
restricted degree. This would certainly be a 
very difficult problem to handle using pro- 
gramming techniques. 

The demand pattern for goods may be 
highly seasonal, e.g. toys, garden tools, and yet 
all of the models so far presented do not pos- 
sess a time dimension. One answer muigiit be 
to produce a multi-period model, but perhaps 
a more realistic one is to run the static model 
at, say, monthly intervals with appropriate 
(and largely subjective) modifications to the 
demand function. Data are just not available 
to build up monthly demand functions in the 
manner suggested in the main text. Finally, to 
reiterate the limitations we laid down at the 
beginning of the paper, there is deliberately no 
discussion concerning capital expenditure and 
the more major group task of assessing and 
controlling a large number of stores. These 
topics will be the subject of a future paper. 
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Appendix 1: A deterministic model 

The aim of this appendix is to demonstrate how a deter- 
ministic mathematical programming model of a store may 
be constructed, to build a simple model and to suggest 
various appropriate solution strategies. 

Concentrating firstly on an individual item, say the ith 
one, the supply and demand constraints must be con- 
structed. The sales of this item, S;, are limited by: 


the stock of goods. B,; 

the floorspace allocated, f,; 

the labour force available, B3; and, of course, the 
demand, D;. 


The precise nature of the limitations depends upon the 
required detail, as discussed in the main text, but the 
simplest assumptions of homogeneous floor space and 
sales staff might produce constraints of the form 


Si 
ViByi 
Si 
S 


where y; is the floorspace consumed per item and 6; the 
selling capacity per member of staff. Fractional staff are 
deliberately implied, equivalent perhaps to staff working 
in more than one section of the store or the employment 
of part-time staff. 

The demand, being a function of the various f’s, could 
be as described either in equations (3) and (4) or as in 
(5), i.e. multiplicative or linear. If the multiplicative func- 
tion is adopted, then an obvious strategy is to employ 
geometric programming: this in addition would be able 
to handle easily conditional demands between items. Alter- 
natively, because D; is monotonic in all the f’s, it is poss- 
ible that a simple application of an iterative linear approxi- 
mation technique (see [7] for further details) might suffice 
[1]. Finally, if only small variations in the demand around 
the status quo are considered to be likely or permissible, 
use of a first order approximation of a Taylor series, 
together with the fact that the second differentials are all 


non-negative would result in a constraint of the form 


1+ ¥(S = 1)n a| 


= % ‘ / 


D; < D® 


The profit contribution of this item consists of the gross 
operating profit less various charges for excess stock hold- 
ing, labour and, possibly, the use of floorspace and other 
facilities. In the simple model, this may be written as: 


(p; — ¢)S; —- re(Byi — Si) - dB; — eB; 


where p; and c, are the price and cost of the item, r the 
interest charge on stock holding, d the labour rate and 
e the charge per unit of floorspace. 

Looking at the overall picture, there are restrictions on 
the various decision parameters relating to, for example. 
the physical size of the store, the size of the labour force 
and the available working capital. Simple descriptions of 
these constraints would be: 

ze c:B,; < M 


¥ Bai = N 


¥ Bai S s 


i 


—current asset constraint 
—total floorspace 
—total level of staff 


but of course they could be far more complex. Examin- 
ation of the shadow prices attached to these constraints 
would be of considerable interest, both to the manager 
and the head office. as they might form the basis for inter- 
store efficiency measures. 


Appendix 2: A stochastic demand model 

We demonstrated in the main text that one approach 
to handling a stochastic demand might result in the follow- 
ing model: 

(max. p(x) — gly*) — Aly~)s.t.f(x) + y* — y> =D; 
>0O:xew'!. (7) 


If we make the assumption that the penalty functions are 
both linear, e.g. h(y”) = Z,hyy; and that we are concerned 
about the expected violation of the demand constraint, so 
that g(y*) = 0, then the objective may be written as: 


+ 


yy? 


max. p(x) — }'h; [ Lace — Dj dF(D)) 
integrating over the range 
fix) > D, 
For an appropriate distribution, e.g. uniform, the objective 
becomes 
max. p(x) — +5 ( hi 
p at 


Jen + Dj? 


t 


where D; ~ R[ —D,, +D,]. This may be easily solved using 
either a quadratic algorithm (if the LP approximation for 
f(x) is suitably valid) or some non-linear algorithm. 

Another approach, because the integral is in the objec- 
tive function, and because the integral is monotonic in f(x). 
we could use again a version of linear approximation pro- 
gramming. 
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This paper presents a personal view of futures forecasting. Beginning with an overall view ot 
the literature in the field with particular attention to the more significant contributions, methodology 
is then considered. Various general techniques of very long term forecasting are reviewed, followed 
by consideration of the particular fields of economic, social, technological, energy and politics. 
The social factor is seen to be all-pervading. A synthesis of futures forecasts is then attempted 
with particular reference to the British case. Finally, the significance of such forecasting approaches 


for the OR scientist is considered. 


INTRODUCTION 
IN RECENT years an important literature has 
sprung up, almost unnoticed by the O.R. prac- 
titioner. This literature is concerned with fore- 
casting what the world will be like at times 
beyond the reach of mere extrapolation of 


present trends. It is, therefore, in some sense 
of a poetic nature and alien in its approach 
to the physically trained scientist who likes to 
observe, to measure and to model. But we are 
forced to forecast beyond the limits of extrapo- 
lation where we are dealing with decisions 
which will have consequences over long time 
periods ahead; for just as prudence advises the 
navigator of a ship to be able to see at least 
as far ahead as his stopping distance, so must 
our models incorporate forecasts at least as far 
as our decisions will commit us. 

Since knowledge in this field, therefore, in- 
evitably incorporates a large subjective ele- 
ment, so will this paper be subjective and be 
at the mercy of the emotions of the author. 
The points of view are those of a quantitatively 
oriented scientist with no track record in the 
futures field. For this reason the paper will, 
from time to time, use the personal pronoun 
in order to emphasise its personal nature. 

This paper is based solely on a literature 
review. In the course of the research on which 
it is based, I was privy to a number of highly 
confidential discussions with senior personnel 


in industry and government but nothing of 
what was said is quoted here although it must, 
of course, have influenced my views. 

The first questions in such a survey concern 
the constraints of geography and time. It is 
tempting to take a world view of the next 
hundred years or so, but the more modest 
boundaries set here are of the UK to the year 
2000. 

Secondly it is borne in on one viewing these 
issues from Britain, that this country is a small 
one in which its people are mixed up in each 
other and densely packed. (If the whole of the 
present population of the world was put within 
the USA, the density of population would only 
be twice that of our’s today in Britain.) 

The interlocking nature of the UK of the 
present and the immediate future has meant 
that the only view one can take is systemic. 
Hence, although the first division of the litera- 
ture was into the natural tetrarchies of econo- 
mics, social, technological and political, such 
a split could not retain credibility and, as will 
be seen, it contains one pervasive ubiquitous 
member which cannot be isolated from the 
other three. 

The literature is wide and in the course of 
this survey nearly a million words have been 
read. The quality is unnervingly variable. In 
the more quantitative areas, such as economics, 
it is possible to confirm or refute conclusions 
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drawn by analysts because they are based on 
published data and methods of analysis which 
are open and declared. In other areas analysis 
disappears and one listens to the words of 
those who hear voices and see visions and it 
is, of course, more difficult to discuss or refute 
a vision than a quantitative analysis. 

One of the variabilities which exist in this 
literature is the actual time horizon which has 
been taken by writers in various fields. Long- 
term might be taken as referring to time hori- 
zons at which the problems which will be 
encountered cannot be deduced by mere extra- 
polation from the present. This time scale will 
vary with the subject. For example, in popula- 
tion and energy, concern is focussed upon 
periods well into the next century. For agricul- 
ture, long term forecasting consists of anything 
more than ten years ahead. Consequently it is 
difficult to apply rigidly the twenty year hori- 
zon to which we have referred. 

Public interest in the relation between differ- 
ent aspects of the future scene, population, 
resources, pollution, seems to have been stimu- 
lated by the publication and discussion of 
“Blueprint for Survival” [6], and popular 
accounts of early mathematical modelling such 
as “World Dynamics” and “Limits to Growth” 
by Forrester, Meadows and others at M.I.T. 
[3,11]. More recently this interest has been 
reinforced by the second report to the Club 
of Rome—“Mankind at the Turning Point”. 
The assumptions, methods [12] and conclu- 
sions of some of these earlier studies were dis- 
cussed in particular in two works by the World 
Bank [13] and by the Science Policy Research 
Unit at the University of Sussex [1,5]. At the 
same time there has been a growing awareness 
of the increasing interdependence of nations 
which has developed through a number of in- 
ternational gatherings including the World 
Population Conference in Bucharest (1974), the 
United Nations special session on raw mater- 
ials and development (1974) and the World 
Food Conference in Rome (1974). 

In the UK interest was stimulated and 
extended by the work of the Systems Analysis 
Research Unit in the Department of the En- 
vironment, reviews of the world-wide long term 
availability of resources, particularly food, and 
the effects of market pressures and pollution 
control on the United Kingdom. The Chief 
Scientific Adviser to the Government published 


a report in Nature [2] which was based on 
the first findings of some of this work. 


METHODOLOGY 


Basic to futures study is the provision of 
forecasts, sometimes quantitative, sometimes 
qualitative, but the literature in general fails 
to make an obvious distinction between three 
kinds of forecast. There is first of all the fore- 
cast which is self-fulfilling. For example, if a 
commodity buyer anticipates a price increase, 
then his reaction will tend to encourage a price 
increase. The second category is the self-negat- 
ing forecast. If it is stated that in the future 
the streets of Brighton will be unsafe to walk 
on at noonday, the reaction of the community 
will be such as to negate that forecast. The 
final category is the neutral forecast which has 
no effect (such as a forecast that in five years 
time Millwall will win the first division football 
championship in Britain). In considering fore- 
casts it is important to note which category 
they are in, and, even more important, those 
occasions where a series of forecasts derived 
separately lead to consequential actions which 
reinforce each other and enhance the likeli- 
hood of what is forecast. 

It is apparent from the literature that the 
most secure forecasts are based on a number 
of separate approaches. Good forecasting 
makes use of quantitative data, local, national 
and international, but where possible these are 
moderated by the use of judgment and intui- 
tion. Economic indicators display trends in 
business cycles but their usefulness extends 
only over 6 to 8 months and are best used 
as descriptors of the present state. Periodic sur- 
veys of the views of businessmen are also of 
only short term value as forecasters of up to 
a year ahead. The standard tool of economic 
forecasting is regression analysis as a way of 
identifying trends, arithmetic, exponential, 
logistic and logarithmic and such methods may 
extend our horizon of vision to three or four 
years. 

In these cases one is dealing with situations 
where variables can be assumed to operate in- 
dependently of each other. If there is an under- 
standing of the way economic variables affect 
each other then we can use an input-output 
table within and between industries and within 
and between geographical areas. But this has 
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limited use in forecasting largely due to the 
delay in producing the tables. For example the 
UK input-output analysis tables of 1973 were 
based on 1968 data. 

Simulation methods are obviously attractive 
to the O.R. Scientist and are well described 
in a number of sources. It is suggested they 
have validity for up to 15 years ahead but for 
the longer term forecasts which are our present 
concern, we need to break out of the short 
term constraints of all these methods. The 
basic approach is to form scenarios which give 
a qualitative or quantitative description of the 
world at a particular future time. The scenario 
describes scene by scene one or more mental 
images of the future and for the method to 
be informative it is important that these images 
be detailed, self-consistent and real. 

Early on in every scenario exercise two 
crucial decisions must be made: 


(a) The timescale. 


(b) The number of options. 


In time, periods up to 15 years are, as stated, 
better dealt with by simulation and although 


the number of options may be infinite, the 
minimum number seems to be three. 

The Delphi technique is well known outside 
O.R. although many practising O.R. Scientists 
do not appear to have used it. The method 
evolves forecasts from a group of people but 
avoids face to face discussion and confron- 
tation in which the strongest personality, or 
loudest mouth, may dominate. Forecasts are 
made anonymously, are exchanged and criti- 
cised with (one hopes) a gradual movement 
towards a consensus view. In practice Delphi 
coordinators might submit questionnaires to 
the individuals of a group and report back to 
them (individually) in the form of edited 
reports and fresh information. From.such a 
series of questions and answers the group and 
the coordinators move to a series of forecasts, 
opinions and scenarios. The opinions of the 
participators can be focussed upon the provi- 
sion of a series of scenarios stretching into the 
future. 

Another method of producing future 
scenarios is to reverse the process of Delphi. 
In this one writes a description of the world 
as it might be in the year 2000 and then from 


the perspective of the year 2000 the history of 
the previous 25 years is written. In this history, 


‘which would take us from the known of 1975 


to the suggested world of 2000, one can identify 
critical points of change in the world which 
lead to the culmination of the particular his- 
tory described for the year 2000. By analysing 
such ‘historical’ documents one gains an under- 
standing of the events which might have to 
occur for particular scenarios to obtain in re- 
ality. Attention can then be focussed on the 
likelihood of these events occurring and hence 
on the likelihood of the particular scenario 
being evolved. 

We now move on to the essentially quantita- 
tive methods. All of these revolve in some way 
around the methods of simulation which have 
been mentioned earlier. We have referred to 
the interconnectivity of the matters which one 
is dealing with in future developments and 
these interconnectivities, in the quantitative 
approaches, are dealt with by means of correla- 
tions or stated relationships. For example, in 
using a cross impact analysis one is concerned 
with stating the relationships between various 
events which might occur and the subsequent 
events which are affected by these causes. 
Sometimes these relationships are deterministic 
in nature, rather akin to the input—ouput 
tables which we discussed earlier. In other 
cases the occurrence of an event will affect fol- 
lowing events in a probabilistic form. In cross 
impact analysis one states these probabilities 
and uses a simulation in order to produce 
various alternative future scenarios. In practice 
the method is fiendishly complex and compli- 
cated because of the combinatorial problems 
involved. There is a convenient shortening of 
the cross impact method by what is called the 
KSIM approach developed by Kane of the 
University of British Columbia, Vancouver [7]. 

Divergence mapping is a pictorial approach 
for moving from the present into the future. 
It rests upon the assumption that we are most 
sure about the present situation and that we 
are going to move into the future along a series 
of alternative snapshots, all of which are 
related to each other by time. The diagram 
which follows shows the way in which this 
would proceed. Diagrammatically the areas on 
the map are different scenarios where time is 
taken as moving out from the central origin. 
One can only move from one scenario to 
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another as a function of time, and these 
scenarios are adjacent in the mapping. This is 
a way of relating a series of scenarios and see- 
ing the extent to which the movement over 
time is plausible. The method is attractive, as 
indeed is any pictorial method of dealing with 
these complex forecasting problems. 

In summary, from my understanding of the 
literature it would appear to me that the main 
method of producing forecasts in the medium 
term is by the qualitative discursive methods 
referred to in the earlier part of this section 
rather than by the formal mathematical 
methods. 


ECONOMIC FORECASTS 


Economic forecasts of the future are prolific. 
We shall merely restrict ourselves to a sum- 
mary of one in particular. In doing so, it is 
useful to remember that this most detailed and 
open long term economic forecast for the UK 
by Leicester [9], which was published in 1972, 
has little or no reference to those magical 


ee 


words “North Sea Oil”. Such is the way in 
which new features can arrive quickly on the 
scene. 

The methods used in Leicester’s forecast are 
at the quantitative end of the above summary 
of techniques but include as conclusions 


(1) By 2000 the level of economic activity 
will be between two and three times current 
levels (corresponding to growth rate of at least 
3.4%). 


(2) The largest share of growth will go into 
investment as opposed to consumption and the 
next largest into social services. 


(3) Per capita consumption levels will 
double—people will live in better houses, with 
1.5 cars per household, travelling 3 times as 
much; their health will be three times as well 
cared for (in expenditure terms) and individuals 
will be better educated. 


A social implication of this growth is the 
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extent to which the gap between rich and poor 
nations will be allowed to grow. Martel [10] 
points out that over the last 100 years the gap 
between the ratio of the richest 10% and the 
poorest 10% of nations has widened. At the 
beginning of the industrial revolution it was 
5:1, today it is about 200:1. This gap might 
be changed by unionisation and consequent 
high wages increasing the attraction of less de- 
veloped countries in providing pools of cheap 
labour. 


SOCIAL FORECASTING 


In this area we are dealing with an ephe- 
meral but pervasive effect. Ephemeral because 
of the rapidity with which social factors ebb 
and flow. The rapid increase in the role of 
women in society will have profound effects 
but is comparatively fresh. The car is now a 
social necessity but even 25 years ago the stan- 
dard design of a house did not incorporate a 
garage. Central heating is now as essential as 
good sanitation, but even 15 years ago it was 
an optional extra in a new house. Entertain- 
ments are ephemeral; no longer is cock fighting 
(or even boxing) a popular spectator sport. 
Speedway languishes and tenpin bowling had 
a life (in the UK) of about 10 years. Twenty 
years ago computers were glamorous and 
exciting, now Woolworths sell small com- 
puters. We seem to be moving towards an 
earlier retirement age and this, combined with 
delay of entering employment caused by educa- 
tion and increased life expectancy, will mean 
that less than half our lives will be spent work- 
ing for a living and so leisure industries will 
increase in importance. 

But there are social constants. One is geo- 
graphy—not only the natural boundaries of 
rivers and hills, but the astonishing per- 
manence of the man-made urban environment. 
The layout of towns and cities changes very 
slowly. Even the north and east boundaries of 
Hyde Park follow Roman roads and have 
existed for 2000 years. 

The sizes of communities (in relation to each 
other) have changed little over the years. In 
the USA over the last 30 years the proportion 
of the population changing residences has 
remained almost constant at 20%. In this 
country data for Dorset (for example) show 
that between 1847 and 1936 the distance separ- 


ating marriage partners did not exceed 19.5 km 
in 87% of cases and for the country as a whole 
in the decade 1953 to 1963 the 87% figure was 
constant for distances up to 16km. 


TECHNOLOGICAL FORECASTS 


It is always difficult to forecast the direction 
of scientific development. Scientists in the 
public domain (for example universities) are_ 
jealous of their freedom of research while those 
in the private sector may be bound by secrecy. 
Nevertheless we have less excuse for being taken 
by surprise by technological change since it 
casts before it a long shadow of basic research, 
applied research and development. 

The literature reveals a number of interesting 
points. The thrust of inventions in electronics 
and computing is probably enough well known 
to the readers of this journal for any account 
here to be repetitious. Mathematical Modelling 
of the rate at which a new product substitutes 
for an old one shows interesting results. 

There are dangers, not always recognised in 
this kind of forecasting, of failing to recognise 
a re-entrant technology. Thirty years ago the 
gas industry was written off by all discerning 
thinking people. The advent of high speed 
British Rail virtually destroyed the burgeoning 
short haul air sevices between London and 
Manchester and resuscitated rail travel. We 
now see the rapid resurrection of radio and 
are even hearing cries for the return of the 
tramcar to our city streets. 


POLITICAL FACTORS 


The first sentence of a paper by Rose is: “A 
paper about the role of forecasting in political 
science cannot be a review of the literarure, 
because there is no literature”. As Rose states, 
the basic difficulty seems to be intellectual. If 
an economist talks of economic change the 
meaning is usually clear and capable of 
measurement. When a technologist talks of 
change what he is implying is visible physically. 
When a sociologist talks of social change the 
meaning is less clear and less readily subject 
to quantified measurement but nevertheless 
ought to refer to a specified model of the social 
system. But when political scientists talk of 
political change it can mean anything (for 
example, a change in the party controlling a 
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local authority), everything (a totalitarian style 
revolution), or nothing. 

The most important obstacle is the infre- 
quency of observational phenomena. Only four 
people have led the Labour Party in the last 
40 years and only eight have led the Conserva- 
tives. The circumstances in which they come 
to power may be fortuitous (the death of 
GAITSKILL and the illness of MACMILLAN). As 
Rose points out, where quantified data are pro- 
vided they achieve their objective by accumu- 
lating quantities of data that are economic or 
social rather than political. For example, the 
book, “Political Change in Britain” by Butler 
and Stokes, published in 1969, is misleadingly 
titled. To analyse the subject it purports to 
study, the authors would have had to deal with 
the politics of three decades, three generations 
or three centuries, rather than, as was the case, 
with three sample surveys undertaken in a time 
span of less than thirty-six months. 

The last twenty years have seen the emer- 
gence of a science of political forecasting. We 
have seen the growth of polling and studies 
of the reasons why electoral campaigns have 
been fought the way they were. However, most 
of these studies are centred specifically around 
a General Election. We do not have continuing 
studies showing the way in which political 
views are changing within the population, and 
the reasons for those changes. We have a great 
deal of detailed study of General Elections 
themselves but in looking at a continuous pro- 
cess of political change over a period of years, 
one is really faced with a series of detailed 
snapshots at election time with very, very little 
picture of what is happening in between elec- 
tions. 

Most of our forecasts of political change 
stem then not from quantitative analysis as 
such, but from forecasts derived as a result of 
discussions between experts and industrial 
managers. 

The political forecast here is of a continuing 
increase in power of the E.E.C. It seems to be 
conceded that such changes are long term and 
will continue. What is less sure is the extent 
to which the present moves towards regionali- 
sation in Britain are as definite as the moves 
towards centralisation in Europe. It may be 
that the social changes which we have seen 
come about by means of the devolution move- 
menis, will be ephemeral. However, one’s im- 


pression from the literature and from the 
reports which I have read, is that we are, in- 
deed, faced with the continuing move towards 
local organisation. 

In the final section of this paper we draw 
a parallel between the number of ways in 
which two tendencies, towards corporate 
decision making and towards individual deci- 
sion making, seem to be progressing simul- 
taneously. On this basis it seem fair to suppose 
that the movements towards regionalisation 
and devolution in the United Kingdom, will 
continue. 

The incoherent nature of this section is partly 
a reflection of the literature on which it is 
based. There is indeed no such literature and 
there seems no science of political forecast- 
ing as such. 


ENERGY FORECASTS 


This is a literature (even a cottage industry) 
all of its own and has a major share of the 
market in futures literature. It would be naive 
to summarize in a few lines, but certain points 
emerge. This is, first of all not only the largest 
sector of the forecasting industry but also that 
in which the largest errors have been made. 
In 1866 Professor WS Jevons forecast that 
within 100 years the demand for British coal 
would be 2607 million tons a year (in terms 
of coal equivalent in 1966 energy consumption 
in the UK was 298 million tons). In 1966 UK 
coal production was 176 million tons. The 
Robinson commission of OECD (1960) stated 
that no persistent shortage of primary energy 
was likely by 1975 (correct) but added the in- 
correct rider that there was no real need to 
create new sources of energy [4]. 

What reliance can be placed on long term 
energy forecasts? Many forecasting exercises 
are little more than statistical extrapolations 
which rely on the assumption that past rela- 
tionships will continue, rather than being based 
on an appreciation of the possibilities for 
economic, social and _ technical change. 
Nothing seems to be known about long term 
energy price elasticities or substitution fore- 
casts. The basic data seem of poor quality— 
reliable time series for energy consumption 
were rarely published before 1950 and little can 
be found about relative demands for different 
types of power. Even the basic assumption that 
the correlation between economic growth and 
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energy requirements will continue and may 
have to be examined; for example energy con- 
servation may affect the relationship between 
these two factors. 

The basic reserves of fossil fuels and uranium 
deposits are not known with any precision. 
Whereas the literature tends to treat energy as 
a finite resource within a statistical analysis 
framework, the size and composition of 
‘reserves’ keep changing; for example, wood, 
peat, coal and animal power have been steadily 
replaced by petroleum, which may itself be 
complemented by new energy sources. 

It would be unrealistic to expect technical 
progress now to come to a halt and too com- 
placent to rely on it and market forces to pro- 
vide timely and socially desirable solutions to 
the energy problems of the future. There do 
seem to be major uncertainties and this leads 
to two sharply different schools of thought— 
the ‘apocalyptic’ and the ‘Lord will provide’ 
school. The analyses of apocalyptic school 
point to an exhaustion of energy reserves, 
accompanied by strife and wars as nations fight 
over dwindling supplies, early next century. 
(The lack of firm knowledge of resources 
renders dating difficult), The other school 
points to the historical evidence of replacement 
of one form of energy by another (muscle, 
wood, dung, coal, gas, oil, nuclear) and believes 
that economic forces and substitutions will 
lead to further supplies which will be sufficient 
especially when energy conservation becomes 
socially desirable. 


THE PERVASIVE SOCIAL FACTOR 


We have referred above to the ephemeral 
nature of social concerns. These also impreg- 
nate the technical, economic and political and 
inevitably impose a systemic view of the future. 

Two examples of this may illustrate the 
point. Few could have forseen that the social 
desirability of the first motor cars produced 
nearly one hundred years ago would lead to 
the development of machines which (in the 
USA) would kill 50,000 people a year, pollute 
the air of major cities, dominate the economics 
of the world, radically affect the political scene 
over a large area of the world and lead (per- 
haps) to wars. 

Another example of this is from the United 
Kindom. A consequence of increasing social 


aspirations is that more people go into further 
education. Amongst these are the skilled and 
intelligent who previously filled jobs such as 
gas fitters. The resulting shortage of these 
skilled men is that. gas apparatus used in the 
home might have to be redesigned so that un- 
skilled labour (including the householder) may 
deal with it, as is the case with simple electrical 
connections, for example. This example shows 
links between social, economic and technologi- 
cal factors. Clearly such social attitudes affect 
economics. Propensity to save is a social affair, 
as are the attitudes to energy saving (smaller 
cars) and attitudes to public transport. 


A SYNTHESIS 


All those concerned with forecasting (includ- 
ing the writer and the readers of this paper) 
are statistical freaks and are not average 
people. They are part of the articulate middle 
class, dominantly home counties based, and 
their projections of the future stem from their 
culture and attitudes. This not only affects the 
answers to the questions posed but also affects 
the questions themselves. In so far as the act 
of forecasting is not neutral in its effect, then 
this particular freak class will have a leverage 
effect on the future. 

Within the wide range of literature studied 
a number of strands emerge, sometimes expli- 


_citly but more often than not implicitly, so far 


as UK 2000 is concerned. 


(1) We shall not be involved in a major war 
(this possibility is hardly mentioned in the mil- 
lion words read). 


(2) Economic Growth will continue to be a 
main objective. With a 3% compound growth 
rate, this implies a doubling of living standards 
by the year 2000. 


(3) Service Industries will grow, particularly 
health and education. 


(4) Geographical layout of towns and cities 
will change slowly, with gradual migration 
within the UK. 


(5) The gap between rich and poor nations 
will not narrow. 
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(6) Women will take up more senior posts 
formerly occupied by men. The increase in the 
number of university graduates will lead to an 
upgrading of the skills of many jobs. 


(7) Most important of all—there will be two 
competing social forces acting on society—a 
conflict between what makes for efficiency in 
technoeconomic terms and what makes for 
social well-being. This may express 
crudely, in conflict between corporate and indi- 
vidual solutions. 


The corporate pressures include: 


(a) Political control over more aspects of 
national life from outside the UK—Brussels or 
a European Parliament. 


(b) Large multi-national companies dealing 
at supra national level with other multi- 
nationals. 


(c) More and more decisions of a company 
being taken at the centre (following the ability 
to centralise data flow) and a consequent loss 
of power from regions to the centre. 


(d) The political movements towards the cor- 
porate state. 


Examples of these are or might be: 


(i) Direct elections to a European Parlia- 
ment. 


(ii) Laws to deal with multi-national activi- 
ties. 


(iii) Loss of power and status of executives 
in the provinces compared with London. 


(iv) The emergence of trade unions as 
dominant partners in national planning. 


(v) Large shareholders increasing their 
blocks of shares at the expense of the indivi- 
dual shareholder. 


(vi) Pressure on the consumer to use public 
rather than private transport. 


(vii) The raising of funds and of social 
engineering by means of pay as you earn in- 
come tax. 


itself, 


(viii) National Health Service, larger uni- 
versities. 


(ix) Municipalities offering housing, e.g. 
council houses, for rent. 


The contrary movements include: 
(a) Devolution. 


(b) Do-it-yourself technological develop- 
ments. 


(c) Participation in decision making. 
Examples of these are: 


(i) The relative sudden emergence after years 
of ineffectiveness, of movements for devolution 
in Scotland and Wales. 


(ii) The movement away from laundries and 
laundromats to home laundries. Dishwashing 
machines, frozen meals (replacing, as a con- 
venience, restaurants) mini calculators and 
mini computers. 


(iii) Attempts at industrial democracy. (The 
student participation movement started in 
1968. The same students are now in their thir- 
ties and moving up the management ladder). 


(iv) The popularity of council house sales. 
Individual home ownership. The Open Univer- 
sity (the apotheosis of ‘do-it-yourself educa- 
tion). The success of private health care and 
private education. 


(v) The emergence of shop floor power in 
unions, the ‘wild cat’ strike. 


(vi) The increasing independence of women 
with a woman being a woman in her own right 
and not simply ex-officio as mother of a family. 


(vii) The continuing increase of car owner- 
ship, particularly the second car. 


Not all these battles will go the same way, 
in fact corporate solutions to some may lead 
to compensatory individual solutions in others 
and vice versa. But clearly we need to create 
some form of leading indicators which will 





Omega, Vol. 7, No. 1 41 


show how things are going. These indicators 
exist in economics and are greatly needed in 
the social field. 

But what are the implications for the O.R. 
scientist? Firstly we should become acquainted 
with the techniques, results and literature, of 
futures research. Indeed, more O.R. groups and 
university departments should actually be 
doing it. These environmental factors of the 
economy and technology are macro forces and 
we should know them, understand them and 
incorporate them in our modelling. Otherwise 
we are in danger of being reduced to the level 
of usefulness of bar room stewards of the 
Titanic for whom even being promoted to serv- 
ing in the first class bar (which is the ambition 
of so many) will not significantly alter our 
eventual destiny. 
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The years since 1969 have seen a major increase in strike activity in nearly all the countries 
which collect and publish data on strikes. This wave of strikes has largely been caused by strikes 
over pay, probably connected both with higher rates of price inflation and a higher incidence 
of direct taxation on households. In some cases, the changed level of strike activity has also 
led to substantial changes in the structure of strikes, as we shall show for the United Kingdom 


and Australia, two countries which have suffered most from the strike wave. 


INTRODUCTION 


THE LEVEL of strike activity in the world’s in- 
dustrial market economies increased sharply in 
the period from, and including, 1969. Table 1 
provides some introductory figures on total 
working days lost in the industrial countries 
treated as a whole. Because of the vastly 


In the years immediately following the end of 
the Second World War, the industrial OECD 
countries (excluding the US) lost on average 
a total of 31.7 million working days through 
strikes in any one year. For the period 1951 
to 1967 inclusive, this annual average of total 
working days lost dropped considerably by 
about one-fifth to 25.3 million. (We are forced 


to exclude 1968 from this table, because no 
data is available for France in this year.) 


greater size of the labour force in the United 
States, we present figures for the US separately. 


TABLE 1. WORKING DAYS LOST IN WHOLE ECONOMY THROUGH WORK STOPPAGES IN 
INDUSTRIAL OECD COUNTRIES 





Annual average number in millions of working days 
lost through work stoppages 





1946 to 
1950 


1951 to 
1967* 


1969 to 
1976 





Total working days lost 
Industrial OECD 
countries (exc. USA)t 31.7 25.3 58.8 
USA 54.8 29.8 41.1 





* 1968 is excluded because no data on work stoppages in France is available 
for that year. 

+ The full list of countries is: Australia, Austria, Belgium, Canada, Denmark, 
Finland, France, Germany (Fed. Rep.), Ireland, Italy, Japan, Netherlands, New 
Zealand, Norway, Sweden, Switzerland, United Kingdom, United States of Amer- 
ica. Note that 1946 to 1950 exclude Austria; and 1946 to 1948 exclude both Italy 
and Germany. 

ft Including 1968. 

Sources: calculated from data in International Labour Office, Year Book of 
Labour Statistics: 1951/52, Table 38, pp. 327-329; 1955, Table 36, pp. 339-402; 1956, 
Table 35, p. 459; 1958, Table 35, p. 554; 1966, Table 30, pp. 710-715; 1975, Table 
27, pp. 798-804; 1977. Table 27, pp. 842-850. 
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From 1969 to 1976, the total number of 
working days lost in the ‘average’ year rose 
to 58.8 million. This is more than double the 
annual average for the preceding period. 

The figures for the United States are some- 
what different. The immediate post-war years 
were a time of considerable industrial unrest, 
after which the American total of working days 
lost fell considerably. Although the US also ex- 
perienced a ‘strike wave’ in the period 1969 
to 1976, the rise was much less marked and 
the incidence of strikes remained below that 
of the immediate post-war years. 

The timing of the strike wave may be seen 
quite clearly in Fig. 1 which charts the year-to- 
year course of total working days lost in the 
OECD industrial countries (excluding the 
United States). The relatively, but not excessi- 
vely, high level of strike activity in the period 
1946 to 1950, may possibly be explained as a 
consequence of the relaxation of wartime con- 
straints. Then follows a long period of seven- 
teen years of relatively stable industrial rela- 
tions with the total number of working days 
lost see-sawing up and down (as do most of 
the conjunctural variables of that period). 

Against this background, the graph’s move- 
ment in 1969 and subsequent years is most im- 
pressive. It is in this period that the annual 
total of working days lost rises, on average, 
to 58.8 million. 

We may pursue the theme of the rise in 
working days lost by considering the relation- 
ship of working days lost in the ‘industrial’ sec- 
tor only of each country relative to the ‘indus- 
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trial’ labour force of each country. Dividing 
each country’s working days lost in ‘industrial’ 
stoppages of work by the industrial labour 
force means, of course, that the figures for each 
country are standardised relative to labour 
force size and that therefore the resulting stat- 
istic is comparable among the various coun- 
tries. 

Table 2 shows the figures for annual working 
days lost per thousand employees as averaged 
among all the OECD countries and also as 
then averaged over the two separate periods 
1953 to 1968 and 1969 to 1976. This is an un- 
weighted average, intended to show the aver- 
age experience of a ‘typical’ country. The aver- 
age annual incidence of working days lost 
doubled between these periods from 367 days 
per thousand employees to 715 days (including 
the USA). 

Figure 2 charts the year-to-year course of 
the average number of working days in in- 
dustry lost per thousand employees and it 
shows, in even more remarkable form, the 
strike wave of 1969 to 1976. Again, 1969 
appears very clearly as the first year of the 
strike wave. 

So far, we have considered the strike wave 
simply as an overall phenomenon. Table 2 also 
shows in some detail how it affected individual 
countries. Out of the seventeen countries listed 
only four show a fall in the incidence of strike 
activity in the industrial sector (France, Japan, 
Switzerland and Norway). Most of the other 
countries show fairly substantial rises in the 
incidence of strike activity: in seven countries 








9946 1950 1955 


1960 


965 1970 1975 


Fic. 1. Total working days lost through work stoppages in industrial OECD countries (excluding USA). 
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TABLE 2. WORKING DAYS LOST IN INDUSTRY PER THOUSAND EMPLOYEES* 





Annual average working days 

lost per 1,000 employees Index for 
1969 to 1976: 
Country 1953 to 1968 1969 to 1976 1953-68 = 100 








Finland 261 1,114 426 
United Kingdom 267 341 
Australiat 409 An 327 
New Zealand 143 s 319 
Canada ; 259 
Italy : 4 234 
Denmark? 3 203 
Netherlands k 194 
Swedens 32 154 
Ireland 33 s 143 
Germany (Fed. Rep.) 123 
United States . E. 122 
Belgium ; 34 112 
France** 3 ; 82 
Japan ; 78 
Switzerland 44 
Norway 44 
All countriestt 367 715 195 





* The industries covered are mining, manufacturing, construction and transport. 

+ Includes electricity and gas; excludes communication. 

t Manufacturing only. 

§ All industries until 1971. 

| Includes electricity, gas and sanitary services. 

“ Average for second column excludes 1976. 

** Average for first column excludes 1968. 

+t Unweighted averages. 

Sources: calculated from data in: Ministry of Labour Gazette October 1963, 
p. 400; Employment and Productivity Gazette, November 1968, p. 917; Department 
of Employment Gazette: December 1974, p. 1110; December 1977, p. 1342. 


the incidence more than doubles. Overall, as 
we remarked before, the strike wave represents 
a doubling in the incidence of working days 
lost. 


Table 3 continues the saga of the strike 
wave, showing how both the number of strikes 
and also the number of strikers in countries 
other than the USA about doubled. Again, 
these changes are quite widespread among 
countries [7]. 

From all this, we conclude that the existence 
of a world strike wave, starting in 1969, is in- 
controvertible. However, the examination and 
interpretation of strike data over the long term 
is a particularly hazardous occupation. The dif- 
ficulties involved are illustrated by Ross and 
Hartman’s famous thesis of the withering away 
of the strike, propounded in 1960, but now 
shown to be inaccurate [5]. Indeed, the strike 

‘ ; : . ; wave which we have dated may represent a 

1953 1958 i963 (968 1973 jump to a new level of industrial activity, or 

Fic. 2. Working days lost per 1.000 people employed in may be simply part of a cycle. There have been 
industrial OECD countries (including USA). many econometric and other studies which 
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TABLE 3. NUMBER OF STOPPAGES IN WHOLE ECONOMY AND WORKERS INVOLVED IN INDUS- 
TRIAL OECD COUNTRIES 





Annual average 





1946 to 


1950 


1951 to 
1967* 





Number of stoppages 
All industrial OECD 
countries (exc. USA)t 
USA 
Number of workers involved 
in work stoppages (in millions) 
All industrial OECD 
countries (exc. USA) 
USA 


6.77 
2.83 


9,609 
4.054} 


7.25 
1.95t 


16.01 
2.50 





* 1968 is excluded because no data on work stoppages in France is available for that 


year, 
+ Excludes Austria and Germany. 
t Including 1968. 
Source: as for Table }. 


attempt to show a relationship between strike 
activity and other conjunctural variables, such 
as unemployment and inflation [1, 2,6]. The 
general conclusion which they reach is that 
strike activity follows a cyclical pattern corre- 
sponding to the business cycle. But the magni- 
tude of the strike wave since 1969 is such that 
it cannot be explained as part of a short or 
medium term cyclical movement of the 
economy. The only other period this century 
when strike activity occurred on a similar mag- 
nitude to the last decade and in several coun- 
tries was in the 1920s. Relative to the whole 
post-war period, the 1970s strike wave is of 
considerable magnitude—that is, we are talk- 
ing not of a minor but of a major change in 
workers’ collective behaviour. This unrest, 
shown in the labour relations of the world’s 
major economies (or, rather, in those countries 
where such activity is, more or less, freely per- 
mitted and recorded) continued unabated 
through the years since, and including, 1968. 
We are, as yet, unable to date the end of the 
strike wave for it shows no signs of subsiding. 

What caused the strike wave? And what 
effect did it have on the structure of strikes? 


STRIKES, INFLATION, AND 
TAXATION 


So far we have assumed a common starting 
date of 1969 for the beginning of the strike 


wave. But of course the strike wave did not 
start in unison in every country. Through stat- 
istical procedures and an examination of other 
evidence, we have established for each country 
the starting year of its particular strike wave; 
Table 4 shows the results of this examination 
[8]. We can see that the era of higher strikes 
started in Canada, Ireland and New Zealand 
as early as 1966, and that the strike wave did 
not catch up with Denmark until 1973 and 
Japan until 1974. The United States’ strike 
wave, such as it was, started in 1967: and, of 
course, the French strike wave must be 
counted as beginning in the famous year of 
1968. The strike wave in Italy, the United 
Kingdom and Australia started in 1969, and 
spread to the remaining Western European 
economies in the years following, except for the 
three countries—Norway, Switzerland, and 
Austria—which so far have been immune. 

During the strike wave all these countries 
have suffered from higher rates of price infla- 
tion and it is natural to think that the strike 
wave and rapid inflation are causally linked. 
There are two competing hypotheses: the first 
is that rising prices, by pressing on workers’ 
standards of living, caused the strike wave; the 
second is that the effect of strikes was to force 
up wage rates and thus labour costs per unit 
of output so producing more rapid price infla- 
tion. In either case one is left with the problem 
of explaining what initiated the process. But 
of course once the process is initiated, it is 
obviously a self-reinforcing spiral. 
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TABLE 4. ESTIMATES OF DATES ON WHICH COUNTRIES’ STRIKE WAVES AND 
ACCELERATED INFLATION BEGAN 





Year in which: 





Country 


Strike wave 


Inflation 


began accelerated 





Canada 

Ireland 

New Zealand 
United States 
France 

Italy 

United Kingdom 
Australia 
Belgium 
Netherlands 
Germany (Fed. Rep.) 
Finland 

Sweden 
Denmark 

Japan 

Norway 
Switzerland 
Austria 


1966 
1966 
1966 
1967 
1968 
1969 
1969 
1969 
1970 
1970 
1971 
197] 
1971] 
1973 
1974 


1972 
1969 
1970 
1968 
1969 
1973 
1970 
1971 
1972 
1969 
1971 
1973 
1974 
1973 
1973 
1970 
1971 
1972 





Source: T G Sweet, “The connection between strikes and inflation”. 
University of Aston Management Centre Working Paper Series No. 71: 


available on request. 


One way of beginning to examine this very 
complex problem was to ascertain—again by 
Statistical means and other evidence—the year 
in which a country’s rate of inflation could be 
said to have begun to accelerate above its pre- 
vious historical ‘norm’. Table 4 shows also our 
listing of these years. 

The remarkable thing is that the year in 
which price inflation accelerated was nearly 
always a year subsequent to the beginning of 
the strike wave: in the case of the Netherlands 
and Japan, price inflation precedes by one year, 
and in the case of West Germany the years 
coincide. Otherwise there tends to be a lapse 
of a year or two between the onset of the strike 
wave and the beginning of higher rates of price 
inflation. In the light of this evidence, the argu- 
ment long since put forward by the OECD sec- 
retariat that accelerating wage inflation—i.e. 
rising unit labour costs—is a major constituent. 
and perhaps a direct cause, of recent price infla- 
tion, achieves a greater significance. 

Of course, once the process of wage-price in- 
flation has begun, subsequent rounds of price 
rises will cause demands for higher wages. Not 
only this, but the sectional process of collective 
bargaining implies that any disturbance to 
established ‘fair’ wage differentials will be 


OME. 7, 1—D 


resisted: it takes only one successful strike to 
set off a chain of demands for comparable pay 
rises. Wage comparability with similar occupa- 
tions is much cited in negotiations between 
employers and unions in all the countries we 
have examined [8]. In the Australian system 
of industrial relations the objective of com- 
parative wage justice, by which is meant paying 
the same wage to people in the same occupa- 
tion but in different industries, is an important 
principle of their arbitration system [9]. In this 
way, one strike producing a wage increase can 
lead to a succession of disputes in similar occu- 
pations. 

However, Table 4 still leaves us with the 
problem of explaining what started the world 
strike wave in the first place. We have no com- 
plete answer to this question and perhaps there 
is no answer common to all countries. It is 
often argued that the events in France of May 
1968—perhaps like the events of May to July 
1789—stirred the aspirations of the common 
man around the world. Unfortunately for this 
explanation, strike waves had begun in four 
countries before 1968, including the United 
States. 

There are many explanations propounded 
for the inflation process which has affected the 
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TABLE 5. CHANGES IN THE LEVEL OF PERSONAL TAXATION 





Personal income tax and 
social security contributions 
as a percentage of GNP 


Index 
1967-69: 





Country 1955-57 


1955-57 


1967-69 = 100 





Ireland 
Netherlands 
Canada 
Sweden 
Norway 
United Kingdom 
Italy 
Denmark 
Finland 
Belgium 
United States 
France 
Switzerland 
Austria 
Japan 
Germany 


178 
170 
165 
163 
162 
155 
149 
144 
144 
144 
138 
135 
a0 130 
18.5 128 
7.5 127 
18.7 126 





Source: OECD, Expenditure Trends in OECD Countries 1960-1980, Table 


19, p. 71. 


world’s industrial market economies ever since 
1945, but with special ferocity in the last 
decade. The three most familiar explanations 
are the essentially ‘Keynesian’ mechanism of 
excess demand, the ‘monetarist’ theory of an 
uncontrolled growth in the money supply, and 
the idea of increased trade union militancy 
pushing up wages. These hypotheses have been 
much tested in the literature on the subject, 
and we have discussed their relative merits 
elsewhere [8]. But in terms of the world strike 
wave all these hypotheses suffer from two dis- 
tinct disadvantages. First, no single theory can 
provide an explanation which will fit the ex- 
periences of all the sixteen countries, or even 
of a substantial proportion of them. Second, 
as we argued above, the magnitude of the 
upsurge in industrial unrest in the past decade 
has been so great that theories which previously 
seemed to explain strike activity are no longer 
consistent with this sudden and dramatic 
change in the state of industrial relations. 

For the UK, it has been argued that the in- 
creasing burden of income taxation and social 
security contributions played a major role in 
setting off the wave of strikes in 1969 [3]. Judg- 
ing by the British government’s subsequent use 





* The coefficient of rank correlation is +0.31 for fifteen 
countries: excluding the case of Norway (whose strike inci- 
dence decreased while the tax incidence increased), the 
coefficient of rank correlation for 14 countries is +0.62. 


of tax reductions in attempts to mitigate pay 
demands, the force of this argument has been 
admitted officially. But could this be a general 
explanation of the world strike wave? 

Table 5 provides some international com- 
parative data which suggests that this may be 
as neat as one can come to a general explana- 
tion. Over the period 1955-57 to 1967-69 (just 
before the general ‘beginning’ of the strike 
wave), taxes on, and social security contribu- 
tions paid by, households, measured relatively 
to gross national product (and thereby dis- 
counting the effects of inflation), increased 
markedly in all countries for which data are 
available. In Table 5, countries are listed in 
descending order of the proportionate increase 
in the relative incidence of taxation on house- 
holds. For those countries with overlapping 
statistics on strikes and taxation, there appears 
even to be a rough correspondence between 
the severity of the increase in the incidence of 
strikes (as measured in Table 2) and the extent 
of the increased incidence of taxation (as 
measured in Table 5)*. 

This evidence is somewhat impressionistic. 
We can say little more than that the phenom- 
enon of increased strike activity was preceded 
by an increasing incidence of taxation on 
households. The probable connection between 
the two is, of course, that increases in taxation 
will affect household disposable income, and 
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TABLE 6. STRIKES OVER PAY AND THE WORLD STRIKE WAVI 





Annual average of working days lost through stoppages. in 


thousands 





Strikes over pay 


All other strikes All strikes 





1969 to 


1974 


1969 to 
1974 


1951 to 
1968 


1951 to 
1968 


1969 to 
1974 





Australia 

United Kingdom* 
Italyt 

New Zealand 
Belgium 

Ireland 

United States 


2,241 
10,991 
17.681 

105 
596 
358 
34,292 


Switzerland 5 2.2 


818 
1,898 3,823 
3,508 9,829 

90 114 

158 


790 3,060 
12.889 
21.189 
195 
563 755 
172 284 530 
9.021 29.801 43.313 
0.3 10.9 2.5 





* The UK data for the earlier period is from 1957 to 1968. 

+ Italy’s reported working hours lost has been converted to working days lost by divid- 
ing by the reported length of the working days of 7.78 hours (1969 to 1974). 

Source: calculated from official national publications: Australia: Labour Report: United 
Kingdom: Department of Employment Gazette; Italy: Annuario di Statistiche del Lavoro 
e dell! Emigrazione; New Zealand: Prices, Wages and Labour Statistics: Belgium: Annuaire 
Statistique de la Belgique: Ireland: Irish Free Trade Journal and Statistical Bulletin: United 
States: Handbook of Labor Statistics; Switzerland: Annuaire Statistique de la Suisse. 


this tax effect may assume a more critical sig- 
nificance at a time of rising prices by exacer- 
bating the difficulty of maintaining standards 
of real consumption. 

It is therefore most intriguing to find that 
the recent increase in strike activity has been 
largely due to an increase in strikes over pay. 
Table 6 lists the countries for which data is 
available on strikes classified by ‘cause’ of 
strike—or, rather, by principal reason given for 
striking. The distinction between strikes over 
pay and over other issues is not an easy one 
to draw. The distinction in Table 6 is more 
properly between ‘economic’ and ‘non-econo- 
mic’ issues. Economic issues cover such things 
as wages, hours and leave, compared with dis- 
ciplinary matters or working conditions. There 
will be some overlap between these two cate- 
gories, but in the countries cited in Table 6 
the distinction is, in our opinion, sufficiently 
accurate to support the conclusions which we 
draw. Here we have measured the incidence 
of a country’s strike activity by its annual 
aggregate of working days lost. In all the eight 
countries for which such data are available, 
annual working days lost in strikes over pay 
have risen remarkably, when the strike wave 
period (1969 to 1974) is compared with the pre- 
vious period (1951 to 1968). Australia heads 
the list with a six-and-a-half-fold increase in 
annual working days lost through strikes over 


pay; the United Kingdom is second with a 
four-fold increase; and Italy’s increase is nearly 
three-fold. 

Increases in working days lost through pay 
strikes in other countries except Switzerland 
have also been substantial. Among countries 
which publish data on strikes classified by 
cause, Switzerland is unique in showing an 
actual decrease in the incidence of pay strikes 
during the world strike wave. However, this 
may be symptomatic of other things in Swiss 
society, as their incidence of non-pay disputes 
dropped to negligible proportions. 

By contrast with these sharp increases in the 
incidence of pay strikes, the changes in the 
average incidence of non-pay disputes were 
very minor, with the exception of Australia and 
the United Kingdom where the incidence of 
non-pay disputes more or less doubled. Indeed, 
in seve.al countries the incidence of non-pay 
disputes actually declined during the strike 
wave. 

On average in all the countries listed, work- 
ing days lost in pay strikes accounted for 53% 
of annual working days lost in the period 1951 
to 1968 (1957 to 1968 in the case of the UK). 
This average proportion rose to 76% during 
the strike wave from 1969 to 1974. Such a 
change in the structure of working days lost 
is eloquent testimony to the increased impor- 
tance of strikes over pay. 
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THE CHANGING STRUCTURE OF 
STRIKES 


For both Australia and the United Kingdom, 
the countries near or at the top of the list in 
Tables 2 and 6, the effect of this change in 
the ‘structure’ of strikes has been remarkable. 
Briefly, British and Australian strikes have 
become much more grand affairs. 

Table 7 has been compiled from data in the 
United Kingdom’s Department of Employ- 
ment Gazettes and from the Australian Bureau 
of Statistics Labour Reports. It shows that in 
the long period of ‘normality’ from 1946 to 
1968, the average British strike lasted only 
about four working days, involved 402 workers 
both directly and indirectly in the establish- 
ment(s) where the stoppage was taking place, 
and so caused an average loss of 1372 working 
days per stoppage. During the strike wave, by 
contrast, the average British strike lasted much 
longer: 7.8 working days on average; involving 
496 workers, and caused a loss of 4072 working 
days per stoppage. (Note that this excludes the 
‘political’ strikes in protest against the Conser- 
vative government’s Industrial Relations Act.) 

Table 7 also shows that the average Austra- 
lian strike has similarly become much larger. 
During the period 1951 to 1968 the average 
Australian strike lasted 1.8 working days, 
involved 337 workers (again, directly and 
indirectly in the establishment(s) where the 
stoppage occurred), and caused the loss of 608 
working days per stoppage. Yet during the 
strike wave the length of the average stoppage 


increased slightly in duration to an average 2.2 
working days; involved many more workers: 
606 on average; and caused the loss of 1321 
working days. 

There are problems with comparability of 
statistics between countries, and this is particu- 
larly so in the case of strike statistics [10,11]. 
Consequently we have confined most of our 
discussion to the consideration of working 
days lost, the most reliable statistic for inter- 
national comparisons of industrial disputes. 
But the strike statistics of both the United 
Kingdom and Australia, are sufficiently accu- 
rate and consistent to draw some meaningful 
conclusions from them. The figures show that 
the average Australian strike tends to be much 
shorter than the average British strike. This is 
probably an accurate reflection of the differing 
structures of industrial relations in each 
country: in Australia the legal arbitration sys- 
tem puts a premium on short stoppages, 
whereas in the United Kingdom the system of 
collective bargaining has resulted in many pro- 
tracted struggles over pay. This greater length 
of British strikes, rather than the number of 
workers per stoppage, explains why British 
strikes tend to be bigger in terms of working 
days lost. 

Not only has the average strike in the 
United Kingdom and Australia during the 
strike wave become longer and, in particular, 
bigger in terms of working days lost per stop- 
page, but stoppages have also become more 
numerous. In the earlier period, the annual 
number of stoppages averaged 2157 in the 


TABLE 7, CHANGES IN ‘THE AVERAGE’ BRITISH AND AUSTRALIAN STRIKE DURING THE STRIKE WAVE 





Annual average 





United Kingdom* Australiat 





1946 to 
1968 


1969 to 
1976 


1951 to 
1968 


1969 to 





Working days lost per worker involvedt 
Number of workers per stoppage 
Working days lost per stoppage 


78 1.8 
496 337 
4,072 608 





* Stoppages beginning in year; and workers involved and working days lost in these stoppages. 

+ Stoppages in progress in year; and workers involved and working days lost in year. 

{ This is an approximate measure of the average duration (in terms of working days) of stoppages: it is only an 
approximate measure because it is not always the case that all the workers involved will stop and resume work 


on the same days. 


Sources: United Kingdom, Department of Employment Gazettes; Australian Bureau of Statistics, Labour Reports. 
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United Kingdom and 1284 in Australia; during 
the strike wave the annual numbers averaged 
2730 and 2411 respectively. But why were there 
more stoppages and why did the average stop- 
page become so much bigger? Part of the 
answer lies in the changing structure of strikes. 

An important similarity between British and 
Australian stoppages is that the average dis- 
pute over pay tends to be much larger than 
the average non-pay dispute. Table 8 shows 
that, in the period 1957 to 1968, the average 
pay dispute in the United Kingdom caused the 
loss of 2.9 times as many working days than 
did the average non-pay dispute. Furthermore, 
during the strike wave, the average British pay 
strike much more than doubled in size, and 
caused the loss of 3.8 times as many working 
days than did the average non-pay dispute. In 
Australia in the period 1951 to 1968, the aver- 
age pay dispute caused the loss of 4.3 times 
as many working days as did the average non- 
pay dispute. Table 8 shows that during the 
Australian strike wave both pay and non-pay 
disputes increased in size. 

But Table 8 also shows that the major con- 
tribution to the increased number of stoppages 
during the strike wave came from pay disputes. 
Indeed, in the United Kingdom the average 
annual number of pay disputes rose by one- 
third during the strike wave while the average 
annual number of non-pay disputes actually 
declined slightly. In Australia the average 
annual number of pay disputes increased by 
more than four-fold between the two periods, 
while the number of non-pay strikes increased 
by a little more than one-third. It is clear, then, 
that the total number of stoppages rose pri- 


marily because of the rise in the number of 
pay strikes. Because such strikes tend to be big- 
ger, this had an inevitable effect on ‘the aver- 
age’ British and Australian strike. 

However, this is not the whole explanation 
for the change in the size of the average British 
or Australian strike. Table 8 (and Table 6) 
show that the effect of the decline in the number 
of non-pay disputes in the United Kingdom 
was more than made up for by a large increase 
in the size of the average non-pay dispute from 
844 working days lost per stoppage to 1569 
working days lost per stoppage; this increase 
in average size meant that the total number 
of working days lost in non-pay disputes also 
increased during the strike wave. In the United 
Kingdom, the increase in working days lost has 
not been confined to pay disputes. Similarly, 
for Australia Table 8 shows that while the 
number of non-pay disputes increased only 
slightly, the size of these non-pay disputes in- 
creased markedly from 417 working days lost 
per stoppage to 744 working days lost per 
stoppage. Consequently, as shown in Table 6, 
the annual average total of working days lost 
through non-pay disputes in Australia nearly 
doubled between the two periods. This charac- 
teristic of increase in the incidence of non-pay 
disputes during the world strike wave is shared 
by the United Kingdom and Australia, but not 
by any other country in our (admittedly small) 
sample. 


SOME CONCLUDING 
SPECULATIONS 


It is clear that a number of important points 


TABLE 8. PAY AND NON-PAY DISPUTES IN THE UNITED KINGDOM AND AUSTRALIA 





Annual average 





United Kingdom* 


Australia* 





1957 to 
1968 


1969 to 
1976 


1951 to 
1968 


1969 to 
1976 





Number of stoppages 
Pay disputes 
Non-pay disputes 

Working days lost per stoppage 
Pay disputes 2.416 
Non-pay disputes 844 


1,143 
1,268 


1,557 220 941 
1.173 1,064 1.470 


5.923 1.810 2.130 
1.569 417 744 





* See footnotes to Table 7 


Sources: Department of Employment Gazettes and Australian Bureau of Statistics, Labour 
Reports. 
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arise from all these findings. As yet, the strike 
wave shows no clear signs of subsiding: the 
metaphor, “a strike plateau” may become a 
more apt turn of phrase. It is clear that man- 
agement may have to reckon in future with 
a greater readiness to strike on the part of 
workers, particularly in support of pay claims. 
The statistics on the changed structure of 
strikes in the United Kingdom and Australia 
show also that, in these countries at least, the 
average strike may now be much larger (in 
terms of working days lost per stoppage) than 
it previously was; i.e. the economic cost to 
employers of strikes has increased consider- 
ably. 

Given the overwhelming predominance of 
pay strikes, it is natural for attention to con- 
centrate on these. In view of the troubled infla- 
tionary situation of these years, coming on top 
of a trend towards increased taxation of house- 
hold income, it is hardly surprising that the 
incidence of strikes over pay increased so 
markedly. 

The remedy for this situation is not in the 
hands of any single employer: the onus is far 
more upon the government to ensure that the 
burdens laid upon household real disposable 
income by inflation and taxation are as light 
as possible. The current use by the British 
government of income tax ‘reductions’ to com- 
pensate for inflation are policies in exactly the 
right direction. The use of national ‘prices and 
incomes policies’, of whatever form, are also 
necessary policies, and these are, in our 
opinion, likely to be a permanent part of the 
‘scenario’ of economic policy in the future. 

The worsening severity of non-pay disputes 
in the United Kingdom and Australia is less 
easily explained and is, perhaps, the most dis- 
turbing feature of these countries’ strike waves. 
It is not likely that national policies could do 
much about this sort of strike activity: here 
the onus seems to rest upon the individual 
employer. 

Perhaps the increasing militancy shown in 
pay disputes during the strike wave has some- 
how or other ‘spilled over’ into the conduct 
of non-pay disputes through a sort of ‘demon- 
stration’ effect. In view of the fact that only 
two countries among eight have shown this 
feature, such an explanation would not appear 
very convincing. 

Non-pay strikes cover such matters as: 


working conditions and facilities; demarcation 
disputes; redundancy, dismissal and disciplin- 
ary issues; levels of manning and work alloca- 
tion; recognition of, and facilities for, trade 
unions. It is not surprising that strikes over 
such essentially ‘sectional’ or small group, 
matters should, on average, be so much smaller 
than disputes over pay, which are likely to in- 
volve a large proportion of a company’s 
employees in most of its plants. But questions 
must now be raised as to the adequacy of the 
facilities, whatever they may be, in the United 
Kingdom and in Australia for settling such 
disputes. 

It is a frequently-heard criticism of the Aus- 
tralian system of dispute arbitration that it 
cannot cope at the local level with such 
matters. The arbitration system in Australia is 
geared mainly to dealing with disputes relating 
to pay and hours and to dealing with disputes 
at a State or national level. 

In the United Kingdom, the past decade or 
so has seen substantial improvements in 
various institutional arrangements for dealing 
with disputes over redundancies and dismis- 
sals. The legislation establishing the industrial 
tribunals, and subsequently extending their 
jurisdiction, has been widely used [4]. Addi- 
tionally, the government promulgated a code 
of industrial relations practice, designed to lay 
down at least minimum standards. However, 
the ‘returns’ to this legislation and other official 
prompting seem to have been disappointing, 
to say the least. It is not easy to make long 
run comparisons because of a change in the 
classification by ‘cause’ of strike (or, rather, 
reason given for striking) introduced in 1973 
by the Department of Employment. Neverthe- 
less, the indications are that the years after 
1969 saw a large increase in the United King- 
dom’s working days lost through disputes 
which should, in theory, have been handled by 
the new ‘judicial’ machinery [12]. It seems to 
us that there can be no real substitute for 
managerial initiative to reduce these sorts of 
labour relations disputes. 
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This paper starts from two problems: the lack of use of queueing theory (and OR models in 
general) and the need for greater personal time effectiveness expressed by managers. The application 
of waiting line theory to the general managerial role is proposed and the most salient assumptions 
in such an application are explored. A simple example is undertaken which results in tentatively 
promising evidence. Further questions and possibilities are raised. 


HOW TO MODEL A MANAGER 

A RECENT survey of applications of manage- 
ment science techniques by Ledbetter and Cox 
[8] reveals the relative paucity of some familiar 
models, notably queueing theory. Byrd [4] 
raises the appropriateness potential of queue- 
ing theory specifically and Bhat [2] responds 
by saying that successful application depends 
upon a knowledge of a problem area. At a time 
when a general debate continues as to the use- 
fulness of OR/MS models, it would appear that 
a new application of queueing theory would 
be most welcome. 

Concurrently, corporate managers have con- 
tinually expressed their need to manage their 
personal time more effectively, to reduce time 
lost, and to allow time for important work to 
be done. This is especially true of managers 
who come in contact with many people per 
day, as indicated by Mintzberg [10] who 
stresses the chaotic aspects of managerial life. 
This is a problem of great personal meaning 
which most managers will acknowledge 
readily. 

The purpose of this paper is to suggest a 
marriage between queueing theory and mana- 
gerial life and to demonstrate, at least initially, 
how a courtship might be undertaken. If it is 
possible to vary key factors in managers’ daily 
existence which influence the amount of time 
lost, either on the part of individual managers 
or the persons with whom they come in con- 
tact, then perhaps it is possible to reduce costs 
or increase performance. The modus operandi 
is simply to consider the administrative process 
as a set of waiting lines of people directed 
toward the manager who is the bottleneck 
through which they must pass in receiving 


some kind of service. Most administrative roles 
conform to this description to a considerable 
degree. An executive services several queues: 
face-to-face short service, appointments, tele- 
phone calls, and correspondence, each of which 
may contain lower managers, customers, super- 
iors, clerical workers, and fellows of the same 
rank. For each waiting line, there is a priority 
system to determine who is to be served in 
what order. For instance, paperwork is usually 
shuffled according to some kind of priority 
before making responses. The lines also have 
their characteristic arrival and service rates. 

Once viewed in this perspective, the process 
may be observed, appropriate measures taken, 
and inputs may be varied to see if time may 
be saved or costs reduced. One output is the 
amount of time that the manager will be ‘idle’ 
or free from service duties. This will vary dur- 
ing the day and has implications for workloads 
with other queues (a lack of people and tele- 
phone calls may permit progress to be made 
on paperwork). Another output is the total 
time all persons will have to wait in their re- 
spective lineups. The associated costs may be 
balanced so that the overall costs to the cor- 
poration may be minimized. A further result 
is the qualitative benefit of a greater under- 
standing of the particular managerial role to 
which the model is applied. 

However, the thrust of this paper is an ex- 
ploration of the appropriateness of various 
yueueing models for the management role in 
general. The challenge, as with all practical ap- 
plications of mathematical models, is to posit 
a general model which makes as few simplified 
assumptions as possible on the one hand and 
provides a reasonable representation of reality 
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on the other. In the trade-off between parsi- 
mony and reality, it is not expected that the 
reader will always agree with the author as to 
which assumptions may be waived and which 
others are seen as a crucial part of any general 
model of the role. It is convenient, although 
arbitrary, to divide the conceptualization of the 
queueing problem into assumptions dealing 
with arrivals, queue discipline, and service. 


ARRIVALS 


A start may be made by entertaining a sim- 
plifying assumption which deals with the con- 
cept of group arrivals. While standard queue- 
ing theory addresses the behavior of individuals 
as they wait in line, it is just as easy to consider 
groups as the units of analysis. For instance, 
workers or visitors may come in pairs or triads 
to see the manager with regard to a single 
issue. If group size is permitted to vary from 
one, two, three and upwards, then the descrip- 
tion of the process fits reality much better. The 
idea of group arrivals has been successfully 
applied to the airline reservation problem 
where passengers frequently arrive in groups 
of family or friends numbering from one to 
seven or more [9]. 

A question of crucial importance to any ap- 
plication of queueing theory relates to the 
problem of equilibrium. Here, there are basi- 
cally two choices. The first is the presumption 
that the queueing process has been operating 
for a long enough time to be independent of 
the starting effects which are based on the fact 
that no one is usually in the waiting line when 
the day begins. The payoff of this particular 
assumption is a considerable reduction in 
problem complexity. The cardinal danger 
which appears to have been ignored by a 
number of investigators (as indicated by Baht, 
[3]) is that equilibrium may not be achieved 
quickly but may even require a number of 
hours. It appears quite plausible that the oppo- 
site assumption of non-equilibrium would be 
the accurate one for most administrative situ- 
ations. Another reality is the variation in the 
average arrival rate of clients across the day 
and also across the week. Virtually every 
manager is accompanied by periods of high 
demand and low demand for service. The usual 
way to deal with this problem is to simply 


posit that the average arrival rate is constant 
for a specific interval (usually labeled the busy 
period). Providing the manager’s day may be 
divided into intervals of reasonable lengths of 
different mean arrival rates, there appears to 
be little problem. 

The most commonly-encountered distribu- 
tion of arrival times is the exponential, the one 
invariably discussed in textbooks which intro- 
duce queueing theory. But as Baht [3] warns, 
the exponential assumption is _ frequently 
erroneous and should be replaced for one 
which is more general. For a discussion of the 
generalities of the arrival time problem see Cox 
and Smith [5]. 

Appointment systems are a favourite method 
for controlling the arrivals of persons for ser- 
vice. Such systems are subject to manipulation 
by the manager and his or her secretary. Bailey 
[1] reports the results of appointment experi- 
mentation in the case of long queues awaiting 
medical service from physicians. A_ similar 
data-based analysis is presented by Jackson, 
Welch, and Fry [7]. Although appointment 
books reduce some complexities for the execu- 
tive, they permit persons to wait without others 
being served. This is the case when a subor- 
dinate makes an appointment to suit his or 
her own convenience when the manager may 
be free at some time between when the 
appointment is made and when it is met. An 
initial attack on the difficulty may be made 
by considering different time ranges of queues. 
Persons who make appointments ranging over 
several days can be considered as not waiting 
and different from persons who simply request 
short service in an immediate time frame with- 
out the aid of the appointment system. Some 
persons will elect not to joint the queue, prob- 
ably because the manager is busy. The same 
outcome would take place if the secretary re- 
stricts the length of the queue to a certain 
maximum number and suggests to newcomers 
who would further add to the waiting line that 
they return at a later time. Both these possibili- 
ties occur in the queueing literature, and are 
quite plausible in a managerial setting. Since 
the four processes (short service, appointments, 
telephone calls, and correspondence) represent 
major divisions of the work, it may be necess- 
ary to consider them as separate queues, to 
deal with them in terms of rules of priorities, 
or both. 
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QUEUE DISCIPLINE 

It is in this section that the conceptualization 
of the manager’s role has probably the greatest 
impact on the specification of a queueing 
model. As alluded to above, one of the more 
immediate questions which may be raised 
relates to the division of the role into four 
aspects of short service, appointments, phone 
calls, and correspondence which tends to sug- 
gest that there are four separate lineups. How- 
ever, such a structure presents the problem not 
only of determining priority within a given line, 
but also priorities across lineups. For instance, 
are phone calls always considered a higher 
priority than the personal consultations? And 
if they are, what is the priority system which 
decides between the next person waiting and 
the phone call which arrives and has accumu- 
lated no waiting time? Another priority issue 
is the problem of emergencies. At any particu- 
lar time, the manager may be faced with a situ- 
ation which demands his or her immediate 
attention regardless of present circumstances. 
Riots or wildcat strikes (other forms of group 
service) are neither scheduled by appointment 
nor do they take their place in line. Under such 


conditions (hopefully not too frequent), con- | 


siderations about the service of queues of 
others are normally suspended. 

The problem of non-emergency priorities 
may be assumed to be decided upon a first- 
come-first-served basis. Once this assumption 
is made, it is not difficult to vary it to incorpor- 
ate slightly more complex priorities such as 
pre-emptive. For instance, while the secretary 
is being given short service on clerical matters, 
a superior may successfully request immediate 
short service. Another priority system is that 
involving preference but which is non-pre- 
emptive. In this situation. favoured persons 
would be permitted to move to the head of 
the line and are serviced as soon as the pre- 
vious client is finished. The presence of 
favoured people raises a natural question as 
to how many kinds of persons are discernible. 
And just what is meant by ‘kinds of people’? 
It may be that the only feasible way to answer 
this question is to use a criterion of importance 
based upon the particular business which 
clients wish to transact with the manager. The 
comparatively arbitrary classification of per- 
sons into a priori groups may be avoided in 
this way. 


Another issue is the avenue which persons 
have used in order to gain access to the 
manager. It appears to be a matter of some 
agreement among managers that paperwork is 
one facet of their job which is often neglected 
and at times ignored by design. This and com- 
mon sense would suggest that the time frame 
of reference for paperwork is much more 
extended than that pertaining to consultations 
and telephone conversations. In short, letters 
requiring answers may wait a week, be shuffled 
according to their own priority system, and be 
serviced at a relatively slow rate. 

Two other relatively minor problems persist. 
One is the possibility of queue jumping, where 
individuals or groups may switch from one 
lineup to another (assuming more than one 
line). This could be the case where the tele- 
phone and the short service lineup are seen 
as two separate queues and when a person or 
group perceives a shorter waiting time through 
the telephone rather than the short service 
lineup. The other problem relates to reneging, 
the abandonment of a queue once a person 
has taken a place in line. These two possibili- 
ties may be incorporated if appropriate. 


SERVICE 


The concerns which relate to the manner in 
which service is offered are intimately con- 


_nected with the personal style of the manager. 


For instance, although a common assumption 
of most queueing models is that arrival and 
service rates are independent, should the 
manager be in the habit of accelerating his or 
her average rate of service because of an in- 
crease in the average rate of arrival, the 
assumption is violated as suggested by Lee [5]. 
Another manager-specific feature of service is 
the average service time, which doubtless varies 
considerably. This time may undergo some 
shift during the day as a result of fatigue or 
personal habit. If such variation is large, then 
it could be taken into account in the same 
manner as were the variations in mean arrival 
rate: by allocation of parts of the day or week 
into ‘fast’ and ‘slow’ periods. 

As with arrivals, a standard consideration is 
the shape of the service time distribution, dis- 
cussed by Cox and Smith [7]. It may be benefi- 
cial to invoke a cyclic assumption, cyclic 
service being defined as a situation wherein 





58 Brown—Modelling the Use of the Manager's Time 


persons may be served more than once. Such 
would be the case where persons who work 
closely with the manager gain his or her 
audience several times a day. This kind of ser- 
vice is most apparent in the office when sub- 
ordinates, both in groups and singly, are served 
again and again. As an initial assumption, 
however, cyclic service is quite complex and 
would be applicable only if the periodicity of 
service appears to occupy an important seg- 
ment of the administrative process. 


A VERY SIMPLE EXAMPLE 


The above model of the general administrat- 
ive role indicates that a queueing model is to 
some degree appropriate but that the appli- 
cation is a relatively complex one. This discus- 
sion has favoured a model which involves 
appointment systems, may not be in equilib- 
rium, has four waiting lines with priorities, and 
permits variation in arrival and service rates 
across the day and week. The complexity of 
the model precluded the use of an analytic 
method since the particular model’s equations 
could not be located or developed within a 
reasonable time. However, once this kind of 
application acquires a standard form, such as 
the frequently-described multiple-server queue, 
there should be no difficulty in producing 
results which are free of the usual worries of 
simulation methods. 

So that the model outlined above might be 
properly demonstrated to be applicable, it was 
decided to model a chairman of a university 
department during his office hours for a typical 
week. His clientele included a range of people: 
students, secretaries, professors, and adminis- 
trators. Since the amount of mail was ex- 
tremely small, three queues of telephone, short 
service, and appointment were used. Priorities 
were pre-emptive, in the above order, with suc- 
ceeding telephone calls pre-empting earlier 
ones. Otherwise, the first-come-first-served rule 
applied. The time between when an appoint- 
ment was made and when it was begun was 
ignored, since it was not considered lost time. 
Waiting time for clients and idle time for the 
chairman was considered lost in this case since 
highly productive work could not be carried 
out in the busy office setting. 

Service was monitored during the 12 hours 
for which the office was open. The task was 


split between the secretary, who noted the time 
at which each person arrived at the office, and 
the chairman, who recorded the starting time, 
stopping time, and queue of each person 
served. For the chairman, this was very similar 
to a simple list of his activities and their associ- 
ated times. 

The analysis proceeded as follows: first, the 
input distributions were determined. These 
were the arrival and service distributions for 
each of the telephone, short service, and 
appointment queues. Then the chairman was 
simulated using a table of random numbers to 
generate the client arrivals on all three queues 
concurrently. Next, the following information 
was determined for each client: arrival time, 
service starting time, service ending time, wait- 
ing time before and during service, and chair- 
man’s idle time. Total waiting time for all 
clients and total idle time for the chairman 
were then calculated. Since the major factor 
over which the chairman had control was the 
length of his office hours, the analysis was 
simulated for different numbers of hours, rang- 
ing from 60% up to 130% of the original 12. 

Cost determination was carried out in the 
following way: the total waiting time lost by 
the clients for each analysis was multiplied by 
$10, the estimated value of an average client’s 
hour in salary and benefits, to arrive at the 
cost to the client. The total idle time lost by 
the server for each analysis was multiplied by 
$20, the estimated value of a chairman’s hour 
in salary and benefits. To this figure was added 
the number of hours gained or lost (also multi- 
plied by $20) so as to allow for the extra hours 
spent out of the office or the additional hours 
spent in the office when the number of office 
hours was varied. The total of these two costs 
then gave the chairman’s cost. The overall 
costs were then found by summing the total 
client and total administrator costs for each 
set of office hours. 

Results are portrayed in Table 1, where the 
overall cost is shown as a result of various 
office hours. Note the apparently U-shaped 
function. It was then possible to determine a 
more efficient number of office hours, which 
were less than those presently being incurred. 
The savings of a move to 80% of office hours 
was found by the difference between the two 
costs, or $56 per week for this example. 

If these savings are permitted to accumulate 
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TABLE |. TOTAL COSTS RESULTING FROM VARIOUS OFFICE 
HOURS 





Percent Total 
of 


present 





100 (present) 
110 
120 
130 





over the course of 30 weeks, a normal univer- 
sity year, they grow to $1680. If the adminis- 
trator is not a department chairperson, but in 
fact holds office hours for most of the week 
perhaps 36 hours, then the savings become 
$5040. If the university is one in which there 
are 50 chairpersons and 50 other adminis- 
trators, then the total saving becomes $336,000 
per year. This speculative result is extrapolated 
from just one example and is, of course, sus- 
pect. All it does is to raise the possibility of 
savings through increased efficiency. Note that 
this kind of saving is not reflected in the bud- 
get. Rather, it represents an increase in produc- 
tivity through the acquisition of lost time. Pre- 
sumably, it should result in a greater perform- 
ance for the salary, where the salary input is 
already allocated. 


DISCUSSION 


The above analysis could be extended still 
further. If it is demonstrated that the appli- 
cation of queueing models is fruitful in terms 
of understanding and enhancing the efficiency 
of individual administrative roles, then it is 
quite possible that it would be worthwhile to 
consider the extension of these models to 
clusters of positions. Systems would involve 
interactions among roles such as that which 
is demonstrated by grievance processes which 
involve successions of servers through which 
an individual client must progress. The concept 
of an administrative system with phases also 
appears to be useful, wherein short service 
encounters, appointments, telephone conversa- 
tions, and correspondence are each important. 
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Servers at one time become customers at 
another, as shown by the sequence of meetings 
in which many executives find themselves in- 
volved. 

One set of important questions which the 
foregoing application uncovers concern values. 
Eilon [6] asks “Is there a conflict between the 
economic performance of an enterprise and the 
quality of working life?” This issue arises a 
number of times. For instance, is it desirable 
for an administrator to function in a queueing 
situation which permits no ‘idle’ time? The 
quality of service has not been considered, 
although it is within the control of the manager 
to shorten service times and hence reduce time 
lost by those waiting. Occasionally, the act of 
keeping a certain client waiting may be a sign 
of administrative acumen, rather than ineffi- 
ciency. Such problems as these require ac- 
knowledgement and understanding. 

The application of waiting line theory to 
the actual process of management has two 
additional benefits beyond demonstrating the 
usefulness of models to both operations 
researchers and management. One payoff is 
that such an application, because of its per- 
sonal relevance, may have considerable poten- 
tial as a teaching device. It is difficult to con- 
template the application of a linear program- 
ming model involving hundreds of variables to 
the oil industry. It is easy to understand the 
relevance of arrivals, priorities, and service in 
our lives regardless of lack of work experience. 
Based on daily matters, these concepts can 
bridge the gap between teacher and student. 
They have empirical referents; they come to 
have meaning. 

The other outcome of the fusion of queueing 
and administration is that it represents a con- 
siderable departure from the usual association 
of operations research and large-scale prob- 
lems. Naturally, the bigger the problem, the 
more sizeable are the percentage and absolute 
savings. But the world of the small is not with- 
out its beauty or necessity and according to 
Schumacher [11], part of the future which we 
will all inherit. Perhaps the ‘OR of the small’ 
is worthy of some consideration. 
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Practicing management scientists often complain of the alleged irrational behavior on the part 
of the managers they are trying to serve, particularly when a manager suddenly and unexpectedly 
shifts behavior from one of support to one of resistance. The authors feel such behavior is only 
believed to be irrational because the management scientist is using the wrong mental model when 
projecting past behavioral patterns into the future. This paper attempts to solve this problem 
by using the newly developed catastrophe theory to develop a different model where sudden shifts 
in behavior are considered perfectly rational and explainable. The basic implication that is drawn 
from this new model is that successful implementation of management science depends on a 
sequence of interactions with the ultimate model user and that care in the structuring of these 
interactions can greatly enhance the probability of eventual user acceptance. 


INTRODUCTION 


MANY PEOPLE who have been involved with 
the implementation of management science 
techniques have expressed a frustration result- 
ing from sudden and unexpected reversal of 
attitudes exhibited by some participants in the 
management science process. This is, the 
people collaborating with the management 
scientist may be in seeming harmony when 
there is a sudden ‘falling out’ of one or more 
participants and behavior turns from coopera- 
tive to resistant for no apparent reason. This 
change in behavior often impedes the eventual 
use of the model being developed and may 
cause a technically excellent model to be aban- 
doned for reasons that are seemingly beyond 
the control of the management scientist. The 
purpose of this article is to examine the possi- 
bility of using the recently developed ‘catas- 
trophe theory’ as a framework for modelling 
and understanding such rapid changes in be- 
havior. To achieve this purpose we will begin 
by describing some of the relevant character- 
istics of both management science process and 


catastrophe theory. The theory will then be 
used as a framework for describing some of 
the discontinuous behavior often found in the 
course of implementing management science 
models. Several implications for the practice 
and study of the management science process 
can then be drawn from the catastrophe theory 
framework. 


MANAGEMENT SCIENCE 
PROCESS 

With the available history of successes and 
failures in the application of management 
science (MS) techniques, many practitioners 
and researchers have attempted to delineate 
the factors that helped or hindered success in 
implementation, as well as to outline a process 
by which others could learn from their mis- 
takes [1,4, 7, 10]. Recently, the term ‘manage- 
ment science process’ has been used to de- 
scribe such a sequence of steps that may help 
to increase the probability of successful imple- 
mentation of the MS model [2,9]. The sug- 
gested processes vary from author but most 
contain the following as vital steps. 
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1. Problem identification—an intricate process 
by which an irritation or feeling that all is not 
well is translated into a problem statement (or 
statements). This step should include identifi- 
cation of all who will be affected by the 
solution to the problem (3). 


2. Model formulation—being the actual formu- 
lation of a model which can be used as an 
aid in solving/better defining a problem listed 
in step 1. 


3. Model solution—the process of deriving a 


set of solutions or suggestions from the model 
formulated. 


4. Reality testing—using the results from step 
3 on a test basis to ascertain how well the 
model fits reality. 


5. Sustained usage—the continued and regular 
use of either a particular model or the MS 
function in an organization. 


An important concept to be gleaned from 
the process shown above is that construction 
of a model is only one part, and not necessarily 
the most important part, of successful imple- 
mentation of MS [1,4,10]. Another concept 
is that implementation does not begin after the 
model is completed but rather is the aim of 
the entire process [4]. The successful manage- 
ment scientist should be aware that every step 
in the process affects the probability of imple- 
mentation so that concentration on one step 
to the exclusion of others may seriously de- 
crease the probability of acceptance. 

Following all of the steps outlined above, 
however, does not insure a successful experi- 
ence. Many structural and behavioral factors 
such as top management support [6], cognitive 
style of the manager [8], style of the MS group 
leader and place of the MS group in the 
organization [7] and the like have been sug- 
gested as additional factors influencing the suc- 
cess of MS endeavors. Rather than speculate 
on which of these factors may be more impor- 
tant and under what circumstances, we have 
chosen to take a different view of the behav- 
ioral aspect of MS process. 

Any process in a social organization will 
consist of a series of interactions with people. 
From the steps outlined above it should be 
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clear that the management scientist will have 
different levels of intensity of interaction with 
various people during different phases of the 
process. The interest and involvement of 
various people with a stake in the solution to 
the problem being addressed tends to ‘heat up’ 
and ‘cool down’ as the process proceeds. The 
usual mental model of such a sequence of inter- 
actions is that they are continuous and cumu- 
lative such that a series of favorable interac- 
tions would predict that subsequent interac- 
tions would also be favorable. Any sudden shift 
in allegiance belies this continuous notion and 
represents a discontinuity which has _ been 
termed a ‘catastrophe’. We now turn to an 
explanation of catastrophe theory as an aid in 
modelling such a discontinuous process. 


CATASTROPHE THEORY 


The recent development of catastrophe 
theory in the field of mathematics provides a 
method for describing a number of events that 
could not be analyzed with previous theories. 
For example, differential calculus is useful for 
processes that are continuous and involve the 
same magnitude of marginal change in the 
dependent variable regardless of the sign of the 
marginal change in the independent variable. 
As such, differential calculus cannot be used 
to analyze discontinuous processes, particu- 
larly when they involve different behaviors of 
the dependent variable depending upon the di- 
rection of change. The speed of a falling object 
is affected by the continuous pull of gravity 
and the fall of a body can be easily modelled 
using differential calculus. But consider other 
phenomena in which sudden shift or jump or 
change occurs. For example, a rubber band 
stretches until breaking, a water pipe bursts, 
a machine operates and then jams. Catastrophe 
theory has recently been developed to analyze 
such discontinuous events, and a full descrip- 
tion is given by Zeeman [11 }. 

A ‘catastrophe’ can be defined as a sudden 
disruption that occurs in a continuous process, 
where a ‘behavioral surface’ of possible actions 
can be identified. Variables that have an im- 
pact on the person’s position on the behavioral 
surface are called ‘control factors’. For example, 
a person begins to laugh and suddenly the 
laughter turns to tears. The change could be 
called a catastrophe and the laughing and cry- 
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ing considered as points on a behavioral sur- 
face. Other points might include: hysterical 
laughing, chuckling, sadness, sobbing and a 
neutral position of no strong emotion. We 
can hypothesize that the control factors are 
feelings of grief and willingness to be expressive 
of the emotions. 

There are five essential elements of a catas- 
trophe that need to be mentioned: 


1. Bimodality—relating to two behaviors that 
can occur for a given point on the control 
surface. 


2. Sudden transition—signified by a disruption, 
as a person shifts from one portion of the 
behavioral surface to another. 


3. Hysteresis—signifying that a transition from 
one state to another does not imply that the 
reverse can occur. 


4. Inaccessible region—refers to a portion of 
the behavioral surface that cannot be reached 
from other portions of the surface. 


5. Divergence—where lines on the surface 
diverge and the resultant behaviors become 
quite distinct (near points N and O). 





APPLICATION TO MANAGEMENT 
SCIENCE PROCESSES 


In order to use the model to describe discon- 
tinuous behavior, we first define the control 
factors, which are (1) level of involvement in 
the process and (2) perceived benefit or threat 
due to the MS (Management Science) project. 
Much has been written concerning the need 
for total involvement of key personnel and 
there is an unstated assumption that this in- 
volvement will increase a person’s perceived 
benefit and thus be tantamount to success. Per- 
ceived benefit or threat, however, originates 
from a variety of sources of which involvement 
may be the least important. The person may 
perceive the MS model as altering the informa- 
tion flow and power structure in an organiza- 
tion and thus will behave according to whether 
he feels he will be better off or worse oil after 
implementation (i.e. have more or less power). 
Intensive involvement may only intensify any 
negative feelings towards MS implementation. 
We thus feel that involvement and perceived 
benefit are like job satisfaction and producti- 
vity; they may be correlated, but one does not 
necessarily cause the other. For this model we 




















Fic. 1. Application for Management Science Process (Adapted from Zeeman [11)). 
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are thus assuming the factors to be indepen- 
dent. 

The catastrophe model of behavior is shown 
in Fig. 1. The behavioral surface describes the 
response to a change for an individual. Three 
points will be identified: resistance, neutral and 
excitement, although many other points along 
the surface could also be described. An indivi- 
dual may attempt to interfere with, block or 
hold back a change or the same individual may 
support, encourage and push for a change. An 
individual’s sense of the expected benefit or 
harm that will occur as a result of the change 
will have a direct effect on the location on the 
behavioral surface. It is important to note that 
this is the perceived impact as opposed to the 
actual impact, since the behavioral response 
will be based on information that the indivi- 
dual has available. The implication is that as 
the person gains new information about the 
change or possibly about the attitudes of 
others in the organization concerning the 
change, the behavioral response can also 
change (including the possibility of a catas- 
trophe). The second control factor is involve- 
ment with the management science process. As 
shown in Fig. 1, this factor is perpendicular 


to the first control factor and runs directly 


through the cusp. 

Taking the five features of the cusp catas- 
trophes, the model can be explored further. In 
a situation of high involvement, a small change 
in perceived threat or benefit can cause a large 
change in behavior (a sudden transition, i.e. 
catastrophe). This is observed in an organiza- 
tion as a supporter of a project suddenly 
becomes resistant (following in Fig. | along 
line W from point J to point J). Further, in 
this situation, a small change in the direction 
of perceived benefit is usually not sufficient to 
convert the detractor back into a supporter. 
This concept of hysteresis is shown in that on 
Fig. 1, along line X, the transition is not near 
point J, but rather at point K. The inaccessible 
region of the behavioral surface occurs in that 
as people become more involved in the imple- 
mentation process, they find it harder to main- 
tain a neutral position, but rather become posi- 
tive or negative. With high involvement, there 
is a large inaccessible region and only excite- 
ment or resistance remains possible. Finally, 
the idea of divergence can be indicated with 
lines Y and Z on Fig. 1. With low involvement, 


it is reasonably easy to move an individual 
from point L to point M. As the person 
becomes more involved with the implemen- 
tation, a much greater effort is required to 
move from point N to point O. 


IMPLICATIONS 


Based on the discussion of management 
science process and the formulation of the in- 
volvement dynamics as a catastrophe model. 
the following implications can be drawn for 
both the manager and the management scien- 
list. 


1. Formulation of the management science 
process as a sequence of intensities of inter- 
actions is probably more universally applicable 
than any particular process developed as 
distinct stages. Practitioners can rarely specify 
which stage they are in and process is seldom 
linear and cumulative. Developments in one 
stage will often force a reversal to a previous 
stage when the stages are contrasted to reality. 


2. The most important portion of any involve- 
ment is at the beginning of that involvement. 
The difference of perceived benefit is very small 
between point L and point H as shown on 
Fig. 1. Assuming the same intensity of involve- 
ment, however, the difference in behavior 
between point N and point O is quite significant. 
This formulation supports the notion that “first 
impressions are lasting”. 


3. A person with fluctuating levels of involve- 
ment in a project cannot be assumed to exhibit 
the same support (or resistance) with each 
reintensification of involvement. A highly in- 
volved person at point O may revert to point 
M with a decrease in involvement. A barely 
noticeable change in perception of benefits may 
move the person to point L during times of 
low involvement. With reintensification of in- 
volvement, the same person may move to point 
N and be resistant. This then is an extension 
of implication (2) above in that care must be 
taken both im the initial involvement and at 
the start of any reinvolvement. 


4. Once there is a change in attitude from 
assistance to resistance (i.e. catastrophe), due to 
a negative change in perceived benefits, it 
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takes a much larger positive change in perceived 
benefits in order to reinstate the original 
excitement. As an example, consider a person 
at point J] on Fig. 1. With a slight change 
in perceived benefits, that person could ex- 
perience a catastrophe and move to point J. 
The management scientist may realize what 
caused the change in perception and move 
the perception back to its original point on 
the control surface. This movement, however, 
will not be enough to cause a catastrophe 
in a favorable direction (i.e. reinstate excitement). 
The perceived benefits must be moved all the 
way to point K in order to cause the desired 
catastrophe. Thus, catastrophe theory supports 
the idea that “an ounce of prevention is worth 
a pound of cure”. It also supports the biological 
fact that once you are cured of a malady you 
are much healthier. The person recovered from 
point K will be a stronger supporter than a 
person continually hovering about point /. 


5. More is not always better. The conventional 
wisdom of implementation articles is to have 
as many people as possible involved in the 
MS effort from the beginning. This is fine as 
long as all are supportive of the effort. Those 
who are resistant, however, may have negative 
effect on the project and it may be difficult 
to move them to positive behavior while in- 
volvement is high. The theory suggests that 
in this situation, it may be better to allow 
involvement to decrease (move from point N 
to point L), work on changing the perceived 
benefits while involvement is low (move to 
point M) and then reintensify the involvement. 


6. The ability to maintain a neutral attitude 
towards the project decreases with increased 
involvement. This is the application of the 
inaccessible region. The person must move one 
way or the other and neutrality becomes 
impossible. 


7. Two people with identical perception of 
benefits and level of involvement may exhibit 
entirely different behavior. Another piece of 
conventional wisdom from the implementation 
literature is that a cost/benefit analysis of a 
project will win support for project. The theory 
suggests that for some people this may not be 
enough. If a person was very negative at the 
onset, a revelation of benefits may only move 


them to point N. Others with the same 
perception (point O) may exhibit excitement 
over the project but more is needed for the 
person of point N. Thus it is important to 
know not only where a person is on the 
control surface but also where they came from. 


CONCLUSION 


We have argued that the management 
science process is best viewed as a sequence 
of interactions. Success in implementing the 
MS model was viewed as mostly a function 
of successfully managing the interfaces to pro- 
mote cooperative behavior. The control vari- 
ables were assumed to be level of involvement 
and perceived benefit and it was suggested the 
management scientist should concentrate on 
these variables to increase the probability of 
success. Most of the paper considered the 
interface between the management scientist 
and one other person. This was for illustrative 
purposes only as the model will accommodate 
aS many people as necessary on the behavioral 
surface. 

Our main conclusion is that linear-cumula- 
tive thinking concerning people’s future behav- 
ior is inappropriate when attempting to imple- 
ment a MS model. Support and encourage- 
ment at the beginning of a series of interfaces 
should not automatically be extrapolated to 
assume such behavior throughout all of the in- 
terfaces. In addition, abrupt changes in behav- 
ior, although termed ‘catastrophes’, are not 
necessarily disasters, nor are they illogical. An 
abrupt change should be viewed simply as a 
change in perceived benefits which can be in- 
vestigated and remedied as a part of the man- 
agement scientist’s task. 

The implications of this discussion would 
seem to suggest that a successful management 
scientist is a person who: 


a. views himself primarily as a change agent 
rather than as a technical expert; 


b. takes extreme care concerning interaction 
with all levels of management and does not 
rely solely on top management support to pull 
him through; 


c. expects abrupt changes in behavior and is 
ready to deal with them as logical reactions to 
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changes in perceptions rather than as the 
illogical traits of “non-scientific” managers; 


d. views the task of implementation as the 
entire series of interactions with people rather 
than depending on the “logic of the model” to 
be the coup detat that suddenly inspires 
people to implement management science. 
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The primary purpose of this study was to empirically examine whether or not informational impedi- 
ments impair or alter decision making, with specific focus on capital budgeting decisions. Based 
on detailed interviews of senior corporate executives, it appears that management information 
systems (MIS) are less than adequate in providing the information items required to utilize the 
non-naive methods of capital budgeting. It is therefore suggested that the MIS concept be vastly 


broadened in regard to such decisions. 


INTRODUCTION 


A MANAGEMENT information system (MIS) 
should be designed with the organization's 
decision making processes in mind. This point 
has been widely noted in the MIS oriented 
literature [2.5.9]. Yet, despite the ubiquitous 
backing given to the decision support MIS 
concept, implementation of such an idea often 
falls far short of the desired goal. In many such 
cases the result is an ineffective MIS and im- 
paired or altered managerial decision making. 
There are, of course, many potential reasons 
behind impaired or altered decision making, of 
which a deficient MIS is only one. However, 
given the importance of MIS design to mana- 
gerial decision making, MIS deficiencies must 
be uncovered [7,8]. Thus, the primary objec- 
tive of this paper is to empirically examine 
whether or not informational impediments im- 
pair or alter decision making, with specific 
focus on capital budgeting (CB) decisions. The 
issues discussed within this paper should be of 
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key concern to those interested in MIS design 
as well as those concerned with the actual 
managerial process of CB. 

There have been several empirical studies on 
the use of various capital budgeting methods. 
Recent studies on this subject have indicated 
that an increasingly larger percentage of firms 
are using discounted cash flow methods, often 
coupled with the naive CB methods such 
the payback period and the accounting rate vi 
return [3,10]. The more sophisticated tech- 
niques, those which go beyond the basic ver- 
sions of the discounted cash flow models such 
as Linear Programming, PERT, and Simula- 
tions, are also gaining support among 
managers [6]. However, while previous studies 
have indicated that the percentage of firms 
using the non-naive methods (i.e. discounted 
cash flow models, as well as the more sophisti- 
cated models such as L.P.) has increased 
sharply, they have not examined the degree to 
which these techniques are being used within 
a particular firm. Therefore, it is not clear 





68 Gordon. Larcker. Tuggle- 


whether these methods are being used on a 
regular or infrequent basis. As a result, these 
earlier studies have not been able to fully assess 
the impediments, if any, to using the non-naive 
CB methods. Our study, on the other hand, 
centers on examining what, if any, informa- 
tional impediments exist regarding the use of 
non-naive CB techniques within specific firms. 

In the next section we briefly discuss the 
main points behind the commonly discussed 
CB methods. That discussion is followed by 
an examination of the potential impediments 
to using the non-naive CB methods. Next we 
discuss the results of an empirical study which 
was conducted in order to assess whether or 
not any of the potential impediments do in fact 
exist, and if so, to what degree. The final sec- 
tion offers some concluding comments. 


CAPITAL BUDGETING DECISIONS 


Capital budgeting decisions may be broadly 
defined as those decisions which involve expen- 
ditures in projects which are expected to gener- 
ate returns over several years. A firm’s capital 
expenditures may be contrasted to its operat- 
ing expenditures, where the latter are presumed 
to generate returns over only the current year. 
Thus, the time frame for capital budgeting 
decisions (a duration of several years is usually 
presumed) is fundamental in separating such 
decisions from the operating decisions of a 
firm. 

Two of the simplest, sometimes referred to 
as naive, methods for dealing with capital bud- 
geting decisions are the payback period and 
the accrual accounting rate of return. The basic 
version of the payback period estimates the 
number of years it takes to recover the cost 
of a project, ignoring both the time value of 
money and any cash flows subsequent to the 
payback period. The accrual accounting rate- 
of-return method consists of computing the 
ratio of the anticipated increase in average 
annual net income divided by either the initial 
increase in required investment, or half such 
increase, as a result of a project under con- 
sideration. 

The fundamental criticism of the above two 
methods of capital budgeting is that they do 
not consider the time value of money. That 
is, the fact that a dollar today is worth more 
than a dollar one or more years from now 
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should presumably be a factor in analyzing 
capital expenditures. Therefore, the present 
value (PV) and internal rate of return (IRR) 
methods of capital budgeting are often advo- 
cated in lieu of the above naive methods. Since 
both the PV and IRR models are highly 
related, we will only review the former. 

The PV method of capital budgeting consists 
of comparing the present value of a potential 
project with the cost of the project, where: 


pie Bios (1) 

im (1 + K)! 
and, R; = i period net cash flow from the 
project, K = the discount rate applied to the 
project, and n = the economic life of the pro- 
ject. In regards to Equation | above, it is often 
assumed that capital rationing is not an issue. 
Therefore, each project is considered on its 
own merits such that if the PV of the project 
is greater than its cost, the project is accepted. 
If, on the other hand, the PV is less than the 
cost, the project is rejected. Where the PV of 
a project and its cost are equal, the firm is 
presumably indifferent to the investment 
opportunity. 

The more sophisticated capital budgeting 
methods all utilize some type of net cash flow 
discounting similar to that described above. 
For example, a slightly modified version of the 
basic discounted cash flow methods entails 
simulation techniques to handle the risk inher- 
ent in a project. In this regard, Hertz [4] dis- 
cussed a simulation procedure whereby the in- 
dividual factors affecting net cash flows are 
considered on an individual basis and then 
combined in such a fashion as to generate a 
probability distribution for the net cash flows. 
Ultimately. a portrayal of the project’s invest- 
ment risk was provided. 

The assumption that capital rationing is not 
an issue is, of course, unrealistic for most firms. 
Instead, the usual case is for firms to have 
access to only a finite amount of financial 
resources and thus the rationing of such funds 
to competing projects must ensue. In this latter 
case, i.e. the case of capital rationing, the 
appropriate discount rate must be considered 
in the light of the alternative projects. In its basic 
form, such a problem has been set up as a 
linear programming (LP) model [11], where 
the objective function is to maximize the net 
financial assets accumulated at the horizon 
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plus the residual value of all physical assets 
acquired up to the horizon. Under restrictive 
assumptions, this objective function turns out 
to be the equivalent of maximizing the firm’s 
present value. The constraints associated with 
such an LP model are related to the ceiling 
of financial resources available to the firm. 

The above brief review points out that ad- 
ditional information is needed for the use of 
the non-naive capital budgeting techniques, 
which is not required for the naive methods. 
More specifically, information is required to 
facilitate estimating: the entire economic life of 
a project, the net cash flows over the entire 
life of the project, and the project’s discount 
rate. Furthermore, the more sophisticated the 
capital budgeting technique, the greater the 
need for additional technical skills in order to 
implement the method. Accordingly, there are 
several a priori impediments to the frequent 
use by a firm of the non-naive CB models. 
These reasons are elaborated upon in the next 
section. 


IMPEDIMENTS TO USING 
NON-NAIVE CAPITAL 
BUDGETING MODELS 


As noted above, there are a priori impedi- 
ments to the frequent use of non-naive capital 
budgeting models. Four such classes of reasons 
are (1) emotional, (2) political, (3) technical, and 
(4) informational. We will tersely sketch the 
first three, although the primary emphasis of 
our remarks shall focus on problems with the 
information set. 

Where naive methods are presently in use, 
emotional impediments to using non-naive CB 
models include inertia and resistance to 
change, which in turn stem from the psycho- 
logical comfort provided by familiar pro- 
cedures and the psychological threats and 
dangers perceived with new, novel, and differ- 
ent operations. Furthermore, if the procedure 
currently in use is identified with its innovator, 
he may have additional psychological reasons 
for resisting the discarding of his “pet project” 
or “his baby”. 

Political impediments to using non-naive CB 
methods include the fear of loss of power, of 
the transfer of discretionary prerogatives, and 
of a resulting departmental or divisional status 
inferior to the current one. If decisions are 


made more scientifically, the amount of discre- 
tion may decrease, the amount of control and 
monitoring exerted over the operation can in- 
crease, and power naturally accrues to the ones 
who instituted the new decision procedures. 

Technical impediments to using non-naive 
capital budgeting models include the fact that 
such models are often not known, understood. 
or believed in, and that the conditions of their 
use are not well specified. Furthermore, the 
models may have undesirable technical side 
conditions—such as, requiring special hard- 
ware (e.g. a dedicated computer), necessitating 
hiring special experts “to care for and feed” 
the models with skills not transferable else- 
where in the organization, or special algorith- 
mic difficulties (nonconstructive solutions, slow 
rate of convergence, etc.). 

Finally, eight different informational impedi- 
ments to the use of non-naive capital budgeting 
models can readily be identified. These eight 
impediments are discussed below. 


(1) The data for the non-naive models may not 
now be gathered by the organization’s manage- 
ment information system (MIS). If a capital 
budgeting model requires external, and/or ex 
ante information (e.g. an estimation of future 
cash flows) and if such data are not available, 
the model cannot be used. 


(2) The data may not be gatherable in principle. 
Ifnon-naive models require data on competitors’ 
cost functions, on future actions of govern- 
mental agencies, or otherwise requires an oracle 
to supply data, such models may also fail to 
receive us. 


(3) The “wrong” data are often gathered, i.e. 
data irrelevant to the execution of non-naive 
models are often obtained. This may arise 
because the models are not well understood 
or the “right” data are not available (see 
points (1) and (2), above, and the next point). 


(4) The data gathered may be in error. Con- 
sistency and reliability checks of the data may 
reveal that it has been subjected to systematic 
or random error processes. Such processes can 
be of human (perceptual biases, attitudinal 
biases, etc.) or mechanical (truncation, break- 
downs, etc.) origin. 
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(5) The costs of gathering the data may exceed 
the benefits to be obtained from it. Often, a 
non-naive capital budgeting model will require 
data different from what is currently available. 
An analysis may reveal that the incremental 
benefits to be obtained from moving from a 
naive model to a non-naive one may be 
outweighed by the incremental costs associated 
with gathering the requisite data. 
& 


(6) Too much data may be required and too 
little time may be available to gather and 
process it. If non-naive CB models require 
data which take excessive time to gather, then 
the data requirements may prohibit the model 
from being used. 


(7) The data may be unusable. In many cases, 
data are available only in the wrong form or 
format. A non-naive model may require dis- 
aggregated data, when all that is available is 
aggregated data. Machine readable data may 
be needed and only handwritten data obtainable. 
Quantitative data may be called for, yet only 
qualitative data supplied. 


(8) The data may travel over unreliable in- 
formation channels. The required data may be 
ephemeral in the sense that they manifest 
themselves and then depart, with no permanent 
record to document their fleeting existence. 
Examples would include reports from indus- 
trial spies, or data supplied solely by oral 
telephone calls with no follow-up supporting 
documentation. 


In order to assess the existence of the above 
potential impediments to using non-naive CB 
methods, we conducted an empirical study. In 
the study, we primarily focus on two issues. 
First, how often are non-naive capital budget- 
ing models being used within specific firms? 
Second, what are the informational impedi- 
ments, if any, to more frequent use of such 
models? However, in this preliminary study, 
one should not expect to find all eight possible 
informational impediments discussed above 
corroborated. Instead, it is our intent to iden- 
tify the most important and most prevalent in- 
formational impediments. 


EMPIRICAL STUDY 


Sample and data collection procedures 


Given the difference in focus of our study 
from previous ones on the use of capital bud- 
geting methods, our research methodology also 
differed. That is, whereas most earlier work on 
the use of CB techniques has been based on 
large scale questionnaire studies, our approach 
was based on in-depth interviews with groups 
of senior executives in charge of the capital 
budgeting decisions for five major U.S. corpor- 
ations. This approach was chosen because it 
was felt that an in-depth study of a few firms 
would provide more meaningful data on the 
frequency of firm use of non-naive CB 
methods, and on informational impediments 
associated with such methods, than a large 
scale mail survey. Of course, what we gain 
from such an approach in terms of a fuller or 
richer understanding of a few firms we lose in 
terms of generalizability. On balance, however. 
we believe that such an approach will provide 
a meaningful compliment to the earlier studies 
on the use of various CB methods. 

Prior to the actual interviews, a letter was 
sent to the executives involved in the study. 
The letter explained the general topic area 
around which the interviews would be struc- 
tured. The organizations of which these execu- 
tives were members were either headquarters, 
or a major division with general responsibility 
for capital expenditures at their location. The 
average firm’s sales were in the 200 million dol- 
lar range, with most of the revenues derived 
from sales of machinery and other capital 
goods. The firms were highly capital intensive, 
financially stable, and publicly held. 

The interviews were conducted and tape 
recorded at the corporate location and lasted 
approximately one-and-one-half hours. In all 
cases, the discussions were with a group of 
executives from each firm. Included in each 
group was at least one senior-level executive 
(vice president or president) who was involved 
in the capital budgeting decision process of the 
firm under study. The interviews had four gen- 
eral areas of interest: (1) the general description 
of the capital budgeting process and its rela- 
tionship to other business activities, (2) the 
types of capital budgeting decisions considered 
by the managers, (3) the sophistication of the 
capital budgeting models utilized by the re- 
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spondents, and (4) determination of the differ- 
ent information items utilized by the executives 
and whether the information items were pro- 
vided by the organization’s existing MIS. 

The manner of interviewing may be classified 
as a focused group interview [1]. The basic 
idea behind this technique is that the inter- 
viewer provides direction via questions, 
although an attempt is made to leave the ses- 
sion as unconstrained as possible. In our study, 
the respondents were initially asked to discuss 
their company’s capital budgeting decision 
process in a fairly unstructured manner. The 
basic process and its relationship to the other 
operations of the business was detailed at this 
point. When the respondents began describing 
a capital budgeting example, the interviewer 
attempted to guide the interviewee’s discussion 
to cover the type of capital budgeting analysis 
performed, the information items utilized, and 
the source of such information. 


Study results 


The results for the executive interviews were 
based on an analysis of the tape recordings and 
the interviewer's notes. These results are 
detailed below. 

Non-naive capital budgeting techniques. The 
executives interviewed generally viewed the 
capital budgeting process as consisting of two 
broad categories: (1) non-strategic capital 
expenditures relating to routine types of acqui- 
sitions, such as equipment replacements, and 
(2) strategic capital expenditures relating to less 
routine types of decisions, such as building new 
plants or expanding into new product lines. 
The fundamental distinction between non-stra- 
tegic capital expenditures and strategic capital 
expenditures initially seemed to be the differ- 
ence in the dollar amounts involved. Sub- 
sequent probing and analysis of this distinction 
revealed that the expenditure amount was only 
a partial explanation. Equally important dis- 
tinctions were: (1) the consequences associated 
with strategic expenditures were long-term in 
nature (i.e. a duration of five years or more), 
whereas non-strategic capital expenditures 
were usually concerned with items which 
needed replacement every two to five years; (2) 
strategic decisions involved top management in 
a direct manner, whereas non-strategic capital 
expenditures were usually executed by middle- 
level managers under the indirect control of 


senior executives; and (3) strategic capital 
expenditures were closely tied to the firm’s 
long-range or strategic planning function, 
whereas non-strategic capital expenditures 
were most often classified as being related to 
the firm’s operating plans. 

The methods used by the executives to ana- 
lyze the two categories of capital expenditures 
were related, but not identical. That is, non- 
strategic capital expenditures were most often 
analyzed in terms of a payback period, and 
to a lesser extent the present value or internal 
rate of return methods. Sometimes, both the 
payback period and a form of the basic dis- 
counting methods were coupled whereby the 
payback period operated as a constraint. In 
general, the greater the firm’s need for the pro- 
ject and the lower the dollar value associated 
with the project the less the emphasis placed 
on the discounting techniques. In terms of the 
payback period, it was often noted that pro- 
jects were expected to repay themselves within 
approximately four years. On the other hand, 
Strategic capital expenditures were most often 
analyzed in terms of a simplified discounted 
cash flow procedure, sometimes coupled with 
a payback constraint. 

The first point to note in regards to our 
study results is that the so-called non-naive 
capital budgeting models, while being used in 
all five firms under study, were being used in 
the firms on a less than regular basis. Table | 
presents a clear picture of this point. There- 
fore, while our findings support the notion that 
firms are using non-naive CB methods, they 
raise the question of why these methods are 
not used with a greater degree of regularity. 
This question will now be addressed, with 
emphasis being directed towards the informa- 
tion set. 

Reasons for not using the non-naive models. 
We did not find emotional, political, or techni- 
cal barriers to be significant barriers to more 
frequent use of non-naive CB models. On the 
other hand, we did discover that an important 
reason assigned by the executives for not using 
the non-naive techniques more frequently was 
the fact that their firm’s existing MIS did not 
include a large part of the information needed 
to utilize such techniques—i.e. informational 
impediments represent a real barrier. More to 
the point, information on a project’s estimated 
future cash flows, appropriate discount rate, 
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TABLE 2. THE IMPORTANCE ATTACHED TO THE INFORMATIONAL IMPEDIMENTS ON 
THE USE OF NON-NAIVE CAPITAL BUDGETING MODELS 





Firm 
Informational 
impediment 


> 
w 
-) 
o 





(a) Data absent 

(b) Data not gatherable 

(c) Wrong data gathered 

(d) Data in error 

(e) Costs > Benefits 

(f) Too little time 

(g) Unusable data 

(h) Unreliable information channels 


rZizZzunruoer 
Zavevear 
Ziverunr 
rnzneZanr 





Legend: S = Slight impediment—usually a minor barrier to the adoption 


of non-naive techniques. 


M = Moderate impediment—a barrier of varying degree. depending upon 
the surrounding conditions, to the adoption of non-naive techniques. 
L = Large impediment—usually a major barrier to the adoption of non-naive 


techniques. 


economic life, total cost, external political fac- 
tors surrounding a project’s acceptance, and 
competitor reactions were not usually included 
as part of the firm’s formal information system. 
As a result, such information had to be gener- 
ated through informal, often quite subjective, 
inconsistent, and unreliable channels. Since the 
non-naive models give the appearance of exact- 
ness, it was the consensus of the executives in- 
volved in our study that the use of such models 
often given a false sense of ‘scientific security’. 
Table 2 provides a detailed analysis of the in- 
formational impediments. 


Other reasons often cited for not using the | 


non-naive techniques included the non-quanti- 
fiability aspects of capital budgeting decisions, 
and to a much lesser extent, the limited knowl- 
edge of how to use the sophisticated techniques 
(see Table 2). It is worth emphasizing, however, 
that these two reasons were not considered sig- 
nificant barriers. Apparently, the wide dis- 
semination of the non-naive techniques through 
universities, executive development programs, 
etc. have reached the intended users. Equally 
apparent is the fact that knowing about a par- 
ticular technique is not enough to assure its 
applicability. 


CONCLUDING COMMENTS 


There are numerous articles suggesting that 
non-naive capital budgeting models be adopted 
in place of the naive analyses often employed. 
Recent studies suggest that such a transition 
has occurred. However, these earlier studies 


have not examined the degree to which firms 
are using such non-naive CB methods. We 
have empirically investigated two questions 
related to this latter point. First, to what 
degree are the non-naive capital budgeting 
techniques being used within specific firms? 
Second, what are the impediments, if any, to 
more frequent use of such models? 

Based on detailed interviews of senior cor- 
porate executives, it appears that while firms 
claim to be using the non-naive methods of 
CB, these methods are used much less fre- 
quently within a particular firm than most 
recent studies seem to indicate. One important 
explanation for this fact seems to be that most 
formal MIS do not provide the information 
items required by senior executives to utilize 
the simplest discounted cash flow concepts. 
much less the more sophisticated models. 
Therefore, it appears that one important step 
required for managers to more frequently uti- 
lize the non-naive techniques for capital bud- 
geting decisions is a broader and more compre- 
hensively developed MIS. 
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Capital Rationing and Discounting in Public Sector 
Investment Decisions 


For AT least the last two decades, the discounting of 
future costs has been a standard analytical tool for 
comparing program alternatives in the public sector. 
Today the issue is not whether discounting is an appro- 
priate tool for public sector investment analysis, but 
rather how it can be appropriately implemented. In this 
context, several questions arise. Is the commonly used 
10 per cent discount rate correct? A Department of 
Defense Instruction (7041.3, October 1972) argues that 
it is, since a 10 per cent rate ‘reflects the preference 
for present and future money sacrifices that the public 
exhibits in non-government transactions’ and also since 
it ‘represents an estimate of the average rate of return 
on private investment before corporate taxes and after 
adjusting for inflation.’ Others, for example Arrow and 
Kurz [1] and Bradford [3]. have argued for a relatively 
low discount rate corresponding to the ‘marginal rate 
of social time preference.’ Further, if one is discounting 
only streams of costs, how can alternatives which make 
differing contributions to overall system effectiveness 
be compared? Does this mean that discounting should 
be limited to the trade-off of exactly substitutable alter- 
natives? 

In this memorandum we suggest answers to these 
questions on a limited scale. We do not take the per- 
spective of decision-makers such as the Office of Man- 
agement and Budget (OMB), who must make trade-offs 
among programs which are generically quite different. 
Such program decisions generally have strategic impli- 
cations for the agencies they impact, frequently altering 
significantly the agency’s budget levels and in some in- 
stances even establishing new agencies. We address our- 
selves instead to those who must make tactical deci- 
sions for established programs, working within essen- 
tially fixed budgets to achieve specified minimum levels 
of overall effectiveness from now to some horizon. 
These less strategic decision makers are faced with a 
variety of alternatives, project, or systems which are 
complementary and partially substitutable in meeting 
these minimum requirements. 

The objective of this note is to develop a set of dis- 
count rates that depend upon the optimal configuration 
of projects which meets the requirements. These dis- 
count rates then become part of a ‘modified’ present 
value calculation that includes both project costs and 
‘imputed’ benefits for contributing to system effective- 
ness during constraining periods. The modified present 
value calculation can be used by the decision maker 
to (i) communicate those projects which are part of 
the optimal plan: (ii) evaluate a new project in relation 
to the current optimal plan with which it must compete 
for funds; and (iii) identify the need for new projects 
which offer increased effectiveness in constraining 
periods and avoid using funds during periods when the 





' Even though a single measurement of effectiveness 
may be used in the objective function, several sets of 
effectiveness constraints may be imposed. In this way, 
the multiple criteria aspect of many situations can be 
partially modeled. 


budgets are being used to great advantage. The pro- 
posed model and the resulting implications represent 
an extension to the public sector of the private sector 
analysis in Bradley and Frey [4]. 


A PUBLIC SECTOR MODEL 


An investment decision model for the public sector 
manager is not a straightforward application of the pri- 
vate sector models of [2], [4], and [5]. Certainly the 
public sector investments, programs, or systems involve 
streams of cash flows. and the discounting off these 
cash flows is a common form of analysis. However. 
what appears to make the analysis in the private sector 
‘go through’ is that the returns from an investment are 
measured in the same units as the investment itself. 
i.e. dollars. This is clearly not the case in the setting 
in which public sector investment problems naturally 
arise. The usual condition is that the investments are 
streams of dollar costs: however, the returns are 
measured not in dollars, but in some more relevant 
measure of effectiveness. In many agencies, the criteria 
for measuring the effectiveness of a program are quanti- 
fiable and well established. 

In those situations where effectiveness can be quanti- 
fied and measured and a single criterion is of primary 
importance, a public sector analogue of the private sec- 
tor model in [4] can be formulated. Its interpretation 
has several interesting aspects. If we assume for the 
moment that the planning horizon for the particular 
agency or department under consideration is con- 
tinuously being revised so that it remains a constant 
number of years into the future, it might be reasonable 
to assume that an appropraite objective function is to 
maximize the horizon effectiveness subject to meeting 
minimum performance requirements in the intervening 
years! and satisfying budgetary limitations. The horizon 
effectiveness model can then be formally stated as: 


Maximize r Shadow 
subject to: prices 
b :‘b 
r iA (1) 
m 


HA HV HA 


where r is the horizon value of total effectiveness. ¢;, 
is the cost of project j in period i (note that ¢,; > 0 
is assumed to be a cash outflow), x; is the level of 
investment in project j. h; is the total budget available 
for all projects in period i, e,; is the contribution to 
total effectiveness by project j in period Hi, r; is the 
required level of effectiveness for the department or 
agency in period i, and m; is the maximum limit for 
investment in project j. It has been assumed that budget 
surpluses are not carried over from one period to the 
next; however, if in a particular application surpluses 
can be carried over, ‘dummy’ projects can be included 
in the model which contribute nothing to effectiveness 
but have a unit cash outflow at time ij and a unit cash 
inflow at time i + I. 
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The important point to recognize in relating the sha- 
dow prices of the horizon effectiveness model to dis- 
count rates is that discount rates do not themselves 
say anything about the units in which the criterion is 
measured. The one-period Giscount factor B; merely 
states that one dollar received at the end of period 
i is equivalent to B; dollars at the beginning of period 
i. As such, the one-period discount factor ; is an indif- 
ference relationship between receiving budgets at two 
distinct periods in time. The indifference is with regard 
to the maximization of the criterion but is independent 
of the units in which the criterion is measured. Hence 
we can argue that discount rates naturally arise in the 
public sector model (1) just as they do in the private 
sector model of [4]. In addition, the same relationship 
between the one-period discount factors and the opti- 
mal shadow prices hold for both the private and the 
public sector models, 


IMPLICATIONS FOR DECISION 
AND CONTROL 


In the private sector model we were able to establish 
an equivalence between the linear programming 
reduced costs for a project and the net present value 
of that project using the imputed discount factors. 
These discount factors could then be used in the deci- 
sion and control processes of the division. In order to 
be able to make a similar interpretation of the reduced 
costs of the public model (1), we must first interpret 
the shadow price — A; associated with the effectiveness 
in period i constraints. The sign was chosen so that 
the optimal shadow prices satisfy 4 > 0. 4; is simply 
the increase (decrease) in horizon effectiveness resulting 
from a unit decrease (increase) in required effectiveness 
in interim year i. Hence 4; is the exchange rate between 
horizon effectiveness and interim effectiveness. It states 
the worth, or ‘price’, of a unit of interim effectiveness 
in year i in terms of a unit of horizon effectiveness. 

The reduced costs of the horizon effectiveness model 
have the following form and implications: 


> 0— x; = m; (project accepted); 
AE; — $C; 4 <0— x; =0 (project rejected); 


= 0-0 Sx; Sm; (project margina)). 


Since v must be a basic variable in (1), its reduced cost 
is 1 — 4, = 0; hence 4, = 1. The interpretation of the 
reduced cost is made easier if we rewrite (2) specifically 
breaking out the criterion (horizon effectiveness) as 
ey; + AE; — $C; (3) 
In (3), 4 and Ej are identical to and include all but 
the last terms of 4 and E,, respectively. We can now 
interpret the terms of (3) as follows: For project j, ey; 
is the level of effectiveness at the horizon, 4’E; is the 
value of interim effectiveness, and C; is the opportunity 
cost of investing in the program or system. 
To interpret the reduced costs of equation (3) in 
terms of the discounted present value of the cost 


stream, we divide (3) by @o, which gives 
RT. 

? E;) - 

bo (en; +A j)) dbo C; (4) 
Expression (4) has the same sign as (3) since the initial 
budgetary constraint is assumed binding, implying that 
oo > 0. Recognizing that the derived discount factors 
are just p = 7/9 and defining po = 1/do, we have 


Polen; + XE}) 7” pc, (5) 

We can now interpret (5) in an interesting way. The 

term pC; is simply the discounted present value of the 

cost stream C; associated with a unit level of invest- 

ment in project j. The discount factors are those im- 
puted from the public sector model (1). The term 


(ey; + 4'E;) 


is the overall effectiveness of project j, consisting of 
the value of its horizon effectiveness ey; and the value 
of its interim effectiveness 4’E}. The shadow prices 4’ 
describe the exchange rates between the two types of 
effectiveness, interim and horizon. The factor pp = 1/5 
is measured in units of dollars of initial budget per 
unit of horizon effectiveness; hence po has the interpre- 
tation of present worth, or current ‘price’ of a unit of 
horizon effectiveness. Expression (5) then merely com- 
pares the dollar worth of horizon effectiveness (current 
price times the amount of horizon effectiveness) with 
the discounted cost of attaining that worth by investing 
in project j. 

We can now establish a decision and control system 
based on the mechanism given by (5). During the for- 
mal budgeting process, the public sector linear pro- 
gramming model given in (1) is solved, and a collection 
of projects turns out to be optimal. Along with the 
optimal solution, the parameters of a control system 
are also determined; these parameters are p, 4, and 
Po. The vector p is the vector of discount factors for 
determining the present value of the cost stream associ- 
ated with any project. The vector p is the vector of 
exchange rates that fully describe the trade-offs between 
various levels of interim effectiveness and horizon effec- 
tiveness. Note that 4 gives measures of the relative stra- 
tegic importance of investing in programs or systems 
that contribute to required effectiveness in years before 
the horizon. Finally, po is the imputed current dollar 
worth of a unit of horizon effectiveness. Hence, the 
effectiveness of a program or system, both horizon and 
interim, is valued at po and com™ared to the discounted 
present value of the cost strea that project. Pro- 
grams are then accepted or rejected according to: 


>0—>x, =m; 
(project accepted) 

<0—x,;=0 
(project rejected); 

=0—-0Sx,;Sm, 
(project marginal). 


Polenj + 4'E;) — pC; 


The marginal projects must be selected so as to satisfy 
the budget and effectiveness constraints, taking the 
accepted projects into account. The control system then 
can communicate those programs or systems accepted 
and rejected without appealing to the linear program- 
ming model directly. Between budgeting cycles, new 
programs or systems will arise that were not originally 
analyzed. The programs should be accepted or rejected 
also according to (6), with revisions to the parameters 
of the control system as suggested in [4]. 

We do not claim to have solved the ‘discounting 
problem’ for the public sector. However, we hope that. 
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at least for those situations where the investments can 
be thought of as being continuous and effectiveness can 
be quantified and measured, we have successfully 
argued that discount rates for tactical decisions arise 
in a natural way without appealing to external and 
often irrelevant forces. Further, a decision and control 
system using discounting concepts results from consi- 
dering an undiscounted linear programming formula- 
tion that maximizes horizon effectiveness, or some 
other appropriate measure of performance, subject to 
budgetary and interim effectiveness constraints. 
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A Decision Model with Stochastic Cost and Demand Curves 


THE STANDARD micfoeconomic textbooks consider 
pricing decisions for profit maximization when the sell- 
ing price-market demand relationship and the produc- 
tion volume-production cost relationship are given 
deterministically; and in recent research efforts (e.g. [2] 
and [3]), the probability distribution of a product's 
profit is derived from stochastic estimates of market 
demand, market price and production cost. In the first 
model ‘price’ is the decision variable and the ‘world’ 
is completely deterministic; in the second model the 
stochastic nature of the ‘world’ is explicitly recognized 
but the effects of managerial decisions on cost and sales 
figures are completely ignored. This paper attempts to 
combine the favorable characteristics of both models 
and considers the realistic situation in which the firm 
has to set a selling price for the product; therefore, 
‘price’ is not a stochastic variable but a decision vari- 
able. At the same time, the price-demand and volume- 
cost relationships are known only in stochastic terms. 
The problem is then to determine the selling price to 
optimize the firm’s objective. 


LINEAR DEMAND AND COST CURVES 


Assume that, through a combination of statistical 
analysis of historical data and experts’ forecasts, the 
stochastic relationship between unit selling price P and 
the planning period’s market demand D for a given 
product is given by the regressive linear function 


D=a,+a4,;P +24 (1) 


and that the total cost T of manufacturing D units dur- 
ing the planning period is estimated to be 


T = bo + b,D + B, (2) 


where « and f are normally distributed error terms 
with mean O and standard deviation o, and oa, respect- 
ively. Assuming that the plant can always manufacture 
sufficient units to meet the actual demand in the cur- 
rent period, the period’s profit Z from the product is 
then 


Z=DP-T 


= (dp + a,;P + a)P — bo 
— b; (ag + a,P + a) — B (3) 


Z is clearly stochastic, with mean and standard devi- 
ation as 


E(Z) = —a,P* + (ao + a,b;)P 
— (bo + aob;) (4) 
and 
o(Z) = (P?a2 + bio? + 03)! (5) 
If the objective is to maximize expected profit, then 


by solving d[E(Z)]/dP = 0, it can be easily verified that 
to set the selling price at 


PE = (ao — a,b,)/2a, (6) 


will maximize E(Z). However, it is now well recognized 
that, under condition of uncertainty, a decision maker 
should consider the trade-off between the expected 
return and the risk (or the return’s standard deviation) 


resulting from an action. One common way to effect 
this trade-off explicitly is to maximize the utility func- 
tion 
U(Z) = E(Z) — ko(Z), (7) 
where k is the mean-standard deviation trade-off factor. 
The value of P# that maximizes U(Z) cannot be 
expressed in a convenient algebraic form, but lower and 
upper bounds of P§ can be easily derived. Figure | 
sketches the curves E(Z), o(Z) and a straight line kPo,. 
From (7), [dE(Z)/dP]p:, = [do(Z)/dP]p%,; i.e. P& is the 
P-value where E(Z)’s gradient equates o(Z)’s gradient, 
and Fig. 1 illustrates clearly that P§ < P# always holds. 
The point 
P, = (ao + a,b, ons ko)/2a, (8) 


is the point where E(Z)’s gradient equates the gradient 
of the line kPa,, and Fig. | also illustrates that P§ > P, 
always holds. Hence P# are bounded as 


Pt > Pt > P, (9) 


and an accurate value of P# can be found numerically 
between the bounds by using standard search tech- 
niques (see, e.g. [4]). 

As a numerical example, let k = 1, and 


D = 1000 — P +2, mite! o 
T = 5000 + 100D + 8, a; = 16 x 10° 


From the foregoing, it follows that P= 550, 
P, = 514.6, and P? that maximizes U(Z) is somewhere 
in between. Using the Fibonacci Search subroutine in 
the IMSL library [1], Pf is found to be $515.5, with 
corresponding E(Z) = 196,310 and o(Z) = 37,346. 
Given the simplicity of (7), the same answers can also 
be obtained in about ten minutes using a calculator. 


NON-LINEAR DEMAND AND 
COST CURVES 


Although it is well recognized that the price-demand 
and volume-cost relationships are often non-linear, the 
linear relationships considered above are really quite 
adequate for most cases. This is because the accuracy 
of the relevant results depends only on the accuracy 
of the functional relationships in the neighborhood of 
P%. Thus, if necessary, one can obtain a crude initial 
estimate of P# using linear functions that approximate 
the non-linear relationships over a wide range of P 
values; after that, refined linear functions closely fitted 
to the non-linear relationships in the neighborhood of 
P§ can be used to obtain more accurate estimates of 
P% and other relevant values. 

Nevertheless, if one insists on using non-linear 
demand and cost functions, the approach of the preced- 
ing section can be easily extended to handle the higher 
degree of polynomials of the demand-cost functions, 
even though the algebraic manipulations will become 
more tedious. For example, for the case of quadratic 
demand and cost curves 


D=a)+4,P +a,P? +a2=D,+4 
and 


(11) 
T = by + 6,D + b,D? +B 
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where « and £ are normally distributed error terms, 
one can derive the mean and variance of the profit 
Z = DP — Tas 


E(Z) = (P — b,) Dy — bo — b,D2 — b,0? 
and 
Var(Z) = 2b30% + 03 + [2azb5p” 
— (1-2a,b,)P + [b; + 2aob3)]}?o? 


Given (12), the value of P% that maximizes 
E(Z) — ko(Z) can be easily determined by standard 
search techniques. 


(12) 


CONCLUSION 


In a typical pricing, capacity planning or product 
selection problem, the management has to make a 
number of decisions. The effects of these decisions are 
only known in a stochastic sense, and the decisions 
should be made such that they are consistent with the 
firm’s objective on making profit and avoiding risk. The 
model presented in this paper attempts to incorporate 
realistically all the above three components, whereas 
earlier models (see e.g. [2] and [3] have often over- 
looked (i) the stochasticity of the environment, (ii) the 
difference between the decision variables and the sto- 
chastic environmental factors, or (iii) the risk-aversion 
component in the firm’s objective. Although the pre- 


sented model considers only one decision variable, we 
should point out that the addition of other relevant 
variables (e.g. advertising expenses in the demand func- 
tion and subcontracting in the cost function causes no 
conceptual difficulty. Practical solution of these models 
are straightforward with standard search procedures. 
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The Status of Variable Costs in Profitability Planning 


INTRODUCTION 


IN DESIGNING their profitability model for tactical 
planning [3], Eilon and Cosmetatos made a series of 
assumptions on the structure of the functional relation- 
ships between the major variables in the model. The 
sensitivity of the rate of return to the relationship 
between working capital and the level of activity in 
the farm was shown to be relatively small, implying 
that the practical problems associated with data collec- 
tion and model evaluation can be simplified consider- 
ably. 

When examining the case of a change in the volume 
triggered by external forces and the case of a change 
in the selling price, it was assumed that the unit vari- 
able cost remains unchanged and hence that the rela- 
tive change in the unit cost simply reflects the resulting 
change in the unit fixed cost. This assumption is sup- 
ported by many empirical studies such as the ones by 
Dean [1] in a hosiery mill, a leather belt shop, a 
hosiery department and a shoe department, but not 
by others. It is the purpose of this note to modify the 
analysis to take account of a linear relationship 
between the unit variable cost and output and test the 
results against empirical evidence. 


THE EFFECTS OF A CHANGE IN THE 
VOLUME 


Assume that the volume V changes to V+ 6V = 
V(1 + V*) where 6V is the incremental change and 
V* the relative change (ie. V* = 6V/V). If 6V is 
relatively small, it may be reasonable to assume that 
over the range V...V+6V the unit variable cost s 
can be expressed as a linear function of V, say, 
s=k,V +k, (this is a sufficiently broad assumption to 
allow the effect of increasing V to be either beneficial 
or detrimental to the unit cost). Following the method 
of incremental analysis [2] it can be shown that the 
change V* will change s by 


s* =5,V* (1) 


where s; = k,V/s. If we ignore the secondary effects 
on the unit cost c of changes in working capital require- 
ments, then we have, following the methodology out- 
lined in [3], 
* het 
c* = fis, V* — (1 — f,) —— 2 
Sis ( fd; +V (2) 
where f, is the ratio of the unit variable cost s to the 
total cost c. Similarly, the effect of V* on the rate of 
return r is to change it by 
ae 
rex — = fis, V*(I + V*) 
a 


+ (V*/a)[1 — fill — o)) (3) 


where «=(p—c)/p denotes the profit margin. The 
evaluation of formulae (2) and (3) is presented in 
Table 1 for O< f, <1, -1 <5, <1, V*=0.01 and 
a = 0.10. The results in the Table clearly show that 
the values of c* and r* are quite sensitive to the 
assumption s, = 0 when the proportion of variable to 
total costs is large. 


EMPIRICAL EVIDENCE 


In order to gain an insight into the magnitude of 
s, and f, values which are likely to be encountered 
in practice, we resorted to empirical studies of short 
run cost-output relationships reported in the literature. 
When analysing the data, we were faced with three 
kinds of difficulties: 


(1) In some of the studies, the relationship between the 
unit cost and the level of output is confined to a con- 
stituent element of the total cost only. Nordin [7], for 
example, studies the short run fuel cost in steam electri- 


city plants and fits the following curvilinear equation 
to the data: 


Y(x) = 16.68 + 0.125x + 0,00439x? (4) 
where 
Y(x) = total fuel cost 


TABLE 1. VALUES OF c* AND r* (%) FoR V* = 0.01 AND x = 0.10 
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TABLE 2. EVALUATION OF FORMULA (2) FOR DATA ON A TEXTILE FIRM [4] 





F = 50,000 

Total 

V Cost 
(yards) ($) 


Sy 
in col. 5 s; =0 S 


F = 90,000 


c (% c* (%) 


Sy 
in col. 10 s; = 0 





2 





148,500 
178,700 
206,875 
235,200 
272,300 
310,200 


0.394 0.780 
0.496 0.887 
0.565 0.935 
0.617 0.968 
0.669 1.042 
0.710 = 1.101 





and 
x = output as a percentage of capacity. 


On the basis of (4) it is impossible to ascertain 
whether s(x) = 0.125 + 0.00439x is the total unit vari- 
able cost of the plant or not; and it is also impossible 
to evaluate f;, for the added reason that the total fixed 
cost is not known. However, if f,; is assumed to rep- 
resent the proportion of the unit variable fuel cost to 
the total unit fuel cost and s, is defined accordingly, 
then (2) can be used to assess the effect on the total 
unit fuel cost of changes in capacity utilisation. Thus, 
if say x = 70%, we have f, = s(70)/ Y(70) = 0.645 and 
Ss, = 0.00439X70/s(70) = 0.711 and the effect of a one 
per cent increase in the level of output (V* = 0.01) 
would be to increase the total unit fuel cost by 0.11%. 
(Had the assumption s,; = 0 been made instead, it 
would have been found that a 1% increase in the plant’s 
utilisation reduces the total unit fuel cost by 0.35%). 


(2) In many of the case studies (for example, the studies 
by Dean [1] in a furniture factory and a coat depart- 
ment, the one by Markham [6] in the rayon industry, 
etc.), some fixed cost items (such as depreciation and 
overheads) and in one case (the study by Johnston [5] 
in a food processing firm) all fixed costs are regarded 
by the authors as irrelevant to the objectives of their 
analysis, and their magnitude is not reported. As a 
result, the f, values calculated from the data do not 
correspond to the actual proportion of variable to total 
costs, and the implementation of formulae (2) and (3) 
tends to overestimate the effects on c* and r* of the 
assumption s, = 0 by an arbitrarily high or low margin 
of error. 


(3) In most of the case studies, the cost data cover a 
range of output levels from, say, V, to V,, where 


300] 


8 


(cV) ($000) 
8 


Vv 
0 50 00 150. 200° 
(yards 000) 


Fic. 1. Short run cost-output relationship for data in 
Table 2. 








V, > 0. Thus, the cost at V = 0 (the fixed cost) can 
only be inferred by extrapolation which may lead to 
large errors if V; > 0. Consider, for example, the data 
on the short run cost relationship of one of the 
products (item 345, of Atherton Company, a large tex- 
tile firm [4]) reproduced in Table 2, columns | and 
2. If represented graphically (see Fig. 1), they indicate 
that the total cost is not a linear function of V and 
hence that s, is not zero over the whole range of V 
values (between 75 and 200 thousand yards). The solid 
line in Fig. 1 can be projected until V=0 in many 
different, all arbitrary, ways. Two of them will now be 
considered. If curve (a) is adopted, then the total fixed 
cost is $50,000, and columns 3 and 4 in Table 2 give 
the resulting values of f, and s for each of the six output 
levels. If it is now assumed that the unit variable cost 
sis a linear function of V within each class of V values, 
then estimates for s, are not difficult to obtain using 
(1) (see Table 2, column 5). Columns 6 and 7 give re- 
spectively the effects on c of an increase in V by | 
per cent as calculated using formula (2) for the two 
cases where s, takes the values in column 5 or is 
assumed to be zero. For a total fixed cost of $90,000 
(curve (b) in Fig. 1) the f; and s values are, as expected, 
smaller than before but, quite surprisingly, the s, values 
are now markedly different. As a result, any conclusions 
regarding the magnitude of s, and f, values seem to 
be heavily dependent on the assumptions that the ana- 
lyst is prepared to make. 


CONCLUSIONS 


In practice, firms adopt accounting conventions for 
classifying costs into variable and fixed. Subject to these 
conventions, an estimate for f,, the proportion of vari- 
able to total costs, is not difficult to obtain. If f, is 
large, then the effect on the unit cost and the return 
on capital of a change in the level of output is sensitive 
to the assumption that the unit variable cost remains 
unchanged (see Table 1); in such situations, therefore, 
an attempt to estimate the resultant expected relative 
change in the unit variable cost and the subsequent 
use of (2) and (3) instead of the formulae derived in 
reference [3] might be justified. 
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EDITORIAL 


Ackoff’s Fables 


FABLES AND MORALS 


NOTHING is calculated to impress students and observers of the 
managerial scene more than a simple story with a moral attached 
to it. You can expound on principles of model building until you 
are blue in the face, you can philosophize about systematized pro- 
cedures of investigation, you can contrive some scintillating theories 
about the normative way of life of managers and management scien- 
tists; but tell your audience the story of a particular episode, of how 
as an analyst you came to grapple with a problem set by ‘the authori- 
ties’ (your boss, or your client), how you managed ingeniously to 
reformulate the problem and the objectives of the study, how you 
unravelled a solution—so obvious and yet so elusive—and how you 
triumphed against all odds to have your prescription accepted, tell 
them all that and the chances are that the lessons to be learnt from 
this experience will be imprinted on the memory of your captivated 
listeners more firmly than all the generalized abstractions that you 
can muster. 

Story telling as a means of conveying information or involving the 
active participation of students is, of course, not new. Harvard and 
other schools of business administration (not to mention schools of 
law and medicine) have thrived on the case method for decades, and 
it remains a most successful recipe for passing on experience to the 
uninitiated. Furthermore, story telling is both a convenient and a flex- 
ible mode of communication. A story can contain as much detail 
as is thought appropriate to make a full impact, the details and the 
record of events can be suitably modified, the story need not necess- 
arily relate your own experience, nor need it be true (at least not 
in every respect). Since its prime objective is to convey a ‘message’, 
you feel that you are justified in taking licence in constructing the 
story to suit your purpose, provided, of course, that you do so from 
the best of motives and that you do not deliberately misrepresent 
the facts. We all indulge in this game—teachers, consultants, mana- 
gers—some of us play it more expertly than others, some are more 
brazen and much more effective. 
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Russell Ackoff is undoubtedly one of the great masters of this art. 
Whether he addresses gatherings of enthusiasts or semi-sceptics, or 
whether he writes to acquaint a wider audience with the mysteries 
and promise of management science (or “systems science” as he prefers 
to call it), he is conscious of the need to cite examples from a rich 
repertoire of case histories. Each anecdote is expertly constructed with 
assiduous economy to highlight, with the bare minimum of detail, 
the main ingredients of an intriguing problem and the compelling 
arguments for a particular method of approach or preferred solution. 

A collection of these anecdotes was well overdue, but now Ackoff 
has obligingly assembled them in his recent book “The art of problem 
solving”, appropriately sub-titled “Accompanied by Ackoff’s fables” 
[1]. In fact, the anecdotes so dominate the narrative, that the titles 
should have been reversed to read “Ackoff’s fables, accompanied by 
a commentary on problem solving”, and (for the reasons that I have 
already referred to) the stories constitute the more fascinating part 
of the book. None of the case studies is new; Ackoff has told and 
re-told them on numerous occasions, and although he can vouch for 
most of them, he readily admits to some being hearsay and possibly 
inaccurate. But as one of his friends once said, “If they are not true, 
they ought to be” [1, p. 17], and this is perhaps the most apt descrip- 
tion of their role and impact. 

The author does not, of course, recount his fables and many experi- 
ences just for the fun of it; he has a much more serious purpose 
in mind, and although his commentary on the art of problem solving 
is in contrast somewhat turgid and occasionally rather dogmatic, his 
attempt to generalize from the particular is both relevant and com- 
mendable. If the case study approach is a legitimate means of transmit- 
ting experience in an orderly fashion, what lessons can we learn from 
vivid yet often incomplete accounts of past episodes? 

In the field of medicine case histories are chosen with a view to 
providing as comprehensive a classification as possible of various dis- 
eases and accounts of past treatments, so that when a medical practi- 
tioner is faced with a problem he can search for an identical previous 
case to determine what remedy to prescribe. Similarly, in the field 
of law, where past court decisions and interpretations are of prime 
importance, case law is indispensable to the lawyer when he is asked 
to predict judgements and advise his clients accordingly. Of course, 
both in medicine and in the law new cases arise which do not exactly 
replicate the past, but even then (and depending on how novel the 
new Situations are) doctors and lawyers are primarily guided by their 
knowledge of the past. 

Can the same be said about business problems? Those who believe 
in the omnipotence of the study method firmly assert that it is the 
only way in which an adequate appreciation of the business environ- 
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ment can be achieved and in which the possible outcomes of alterna- 
tive decisions can be assessed. Even those who argue that the manager- 
ial scene is too dynamic and governed by too many variables to be 
neatly categorised by a finite number of case studies, would readily 
agree that theory without experience, be it even secondhand or simu- 
lated experience, is both sterile and dangerous, and hence would sup- 
port the use of case studies to illustrate the application of various 
principles or methods of investigation. And so, whether you are an 
avowed supporter or a sceptical opponent of the wide use of case 
studies, you are bound to dwell on the lessons that may or may not 
be drawn from them. 

Over the years, managers and analysts tend to generalize from their 
experience and develop their own pet theories about the behaviour 
of the business environment and its likely responses to certain mana- 
gerial actions. With the accumulation of experience these theories are 
postulated with ever increasing conviction, nurturing (and in turn 
being reinforced by) various prejudices and attitudes. It is only natural, 
therefore, that when you read about the experiences of others you 
tend to accept or reject the conclusions proffered, depending on 
whether they conform to your theories or not. Thus, readers will react 
differently to Ackoff’s fables, they will find succour in some of ‘his 
stories and be rather sceptical about others. In this respect | am no 
exception, and my own assessment of Ackoff’s fables reflects a subjec- 
tive judgement that others, and at times even Ackoff himself, would 
disagree with, but it is by comparing experiences and arguing about 
our deductions that we are likely to gain a better understanding of 
our environment, and perhaps even rid ourselves of our prejudices. 


OBJECTIVES AND CONSTRAINTS 


The tirst noteworthy lesson that I would commend to others is 
that objectives are not what they seem to be. More often than not, 
a stated objective reflects a narrow framework with a limited number 
of decision variables, hemmed in by a host of constraints. The more 
the analyst delves into a problem, the more he realizes that the stated 
objective would involve an exercise in sub-optimization, or that it 
would be incompatible with the goals of other related sub-systems, 
or that it is an incoherent expression of some hidden and perhaps 
more sophisticated objectives. 

And herein lies one of the dilemmas of the analyst. He cannot pro- 
ceed with the task of finding a solution to a problem before he knows 
what the problem is and what the solution is supposed to achieve, 
and at the same time he is unable to ascertain what the objective 
is (or should be) without tackling the problem and prodding the prin- 
cipal characters on the scene. This confusing state of affairs is well 
exemplified by Ackofi’s very first fable, concerning the small company 
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producing hand tools for carpenters and seeking to diversify its oper- 
ations. The consultant (whom Ackoff identified as Aesop, no less) came 
up with several proposals, all of which were rejected by the president 
of the company, who was looking for something better. “Aesop asked 
what ‘better’ meant. The president said that he could not possibly 
define it but that when Aesop came up with an alternative that was 
‘better’ the executives would recognize it easily” [1, p.22]. At least 
in this case the client freely admitted that he was unable to specify 
the criteria by which solutions were to be assessed, but all too often 
such an admission is not forthcoming, or the client initially feels that 
he knows what he wants, so that the problem has to undergo several 
transformations before the analyst fully understands the purpose of 
the model building exercise. 

Ackoff is at pains to explain that ends (objectives) and means 
(courses of action in pursuit of ends) are’ relative concepts [1, p. 20]. 
A particular end can always be regarded as a means to achieve another 
end. Any analyst who has had the experience of probing executives 
in search of their motives knows that by repeatedly posing the ques- 
tion ‘why?’ he embarks on the road of what first appears to be greater 
clarification and more precise quantification, but then becomes fog- 
bound by general and unquantifiable aspirations, such as ‘happiness’ 
and ‘self-fulfilment’. Consider, for example, the following dialogue (I 
have illustrated this point elsewhere [3]): 


@ Mr Executive, why do you want me to examine the effectiveness 
of your advertising budget? 

@ Because I want to ensure that it is cost-effective. 

@ Why? 

@ Because I want to increase the profit of this company. 

@ Why do you want to increase profit? 

@ If profit increases, the board will invest more, the company will 
expand and grab a dominant share of the market. 

@ But why do you want to achieve that? 

@ Because it will secure our future, make us less vulnerable, give 
greater career opportunities to my managers. 

@ And what is the purpose of that? 

@ We shall have a sense of achievement, the satisfaction of winning 
against odds, etc. 


Why, why, why? The analyst soon realizes that further probing will 
lead him nowhere, and knowing when to stop this quest is an art 
that cannot be formalized in a textbook. Furthermore, as the process 
of clarification continues, he begins to have doubts about the meaning 
and validity of some of the answers: If, as stated in our example, 
the executive wants a secure future, does it follow that the company 
needs to expand its market to achieve that aim? And if the question 
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‘why?’ elicits several ends, what do you do when one end is neither 
the result of nor the means to another, or when they are patently 
incompatible? Thus, the series of responses in this dialogue between 
investigator and executive is often inadequate as a guide in the ensuing 
analysis, for the simple reason that a single objective is rarely sufficient 
to describe the system’s aspirations. And in the same way that for 
each end it is generally possible to identify several alternative means, 
each means leads to several end results with their attendant repercus- 
sions. 

If the analyst is left wondering how to distinguish between ends 
and means, he is certainly made aware of the close relationship 
between objectives and constraints. Ackoff repeatedly makes the point 
that many of the constraints are self-imposed and that a searching 
reappraisal by the analyst often reveals an astonishing degree to which 
constraints can be reformulated, relaxed, or disregarded altogether: 
“Many of the constraints that limit what we can do in a problem situation are uncon- 
sciously self-imposed. By raising them to consciousness and questioning their validity, 
we can often find ways of removing or relaxing them. This can sometimes be done 
by finding new ways of using available technology, by developing new technology, or 


by using our indigenous technology that is overlooked because it is in a place we 
consider unlikely, for example, among the uneducated” [1, p. 77]. 


Indeed, it has often been said that more substantial payoffs can 
generally be achieved by attacking constraints than by concentrating 


on the manipulation of controllable variables for the purpose of im- 
proving the value of some objective function. Furthermore, as I have 
said elsewhere, “the distinction between goals and constraints is an 
artificial one. That this is the case in a satisficing problem is obvious 
enough, but even in a problem of optimizing the constraints may 
be regarded as an expression of management’s desire to have minimum 
attainments Of performance with respect to various criteria. All (inter- 
nal) constraints are, therefore, expressions of goals” [4, p. 185]. 

The question arises, why are they then expressed in the form of 
constraints rather than explicitly as objectives? There are two answers 
to that: First, the specification of constraints has the implication of 
a hierarchy of purposes, so that certain modes of operation and per- 
formance measures in a Satisficing format are assured whatever further 
improvement in others can be obtained; and when the analyst begins 
to question the validity or level of stringency with which the con- 
straints are imposed, he finds that managers are more amenable to 
the relaxation of some than others, thereby strengthening the evidence 
that a hierarchy of constraints often exists. Secondly, internal con- 
straints are imposed as a means of controlling the area of discretion 
of subordinates or sub-systems [4, chapter 9], or as a means of limiting 
the level of intervention from peers and other functions of manage- 
ment [4, chapter 8]. These may be identified as vertical and horizontal 
constraints respectively, and they have one feature in common, namely 
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a desire by the executive responsible for generating or formulating 
them to maintain or to expand his room for manoeuvre and freedom 
of choice (there may, of course, be a group of executives or a whole 
section of the organization structure with a vested interest in this 
respect). 

Thus, the removal or relaxation of constraints is not as easy a task 
as it sounds. Many naive analysts have fallen into the trap of believing 
that a rational and dispassionate discussion with executives about con- 
straints would soon reveal their superfluity or lack of consistency, 
and that as a result the executives would readily agree to drastic 
modifications. What the analysts fail to recognize is that behind what 
they perceive as a questionable rationale there are motives of self-pre- 
servation and ambition, and that unless these can be accounted for 
and suitably satisfied, resistance to change (even hostility to the efforts 
of the analysts) is bound to ensue. 


CAUSE AND EFFECT 


In an attempt to understand the behaviour of a system, the analyst 
has to explore the relationship between variables, either for predictive 
or for manipulative purposes. If he does not know how to predict 
the value of variable A, he searches for another variable B which 
is strongly associated with A and which is easier to determine, so 
that once B is known the future value of A can be inferred. A good 
example is the desire of financial institutions to predict interest rates 
or currency exchange rates, and they are constantly on the lookout 
for possible associated predictions on which they can base their infer- 
ences. As for his manipulative purposes, the analyst wishes to know 
what would cause a change in the value of a particular variable, so 
that he can contemplate taking action to bring about such a change. 
This is where Ackoff offers some valuable advice: 


“Our ability to solve problems depends critically on how well we conceptualize the 
causal connections between what we do and what we want. Many of our problem-solving 
failures derive from assuming a causal connection where it does not exist or incorrectly 
characterizing a causal connection where it does exist. Perhaps the most common single 
cause of failure in problem-solving derives from incorrectly assuming a causal relation- 
ship between variables that have only been demonstrated to be associated. Variables 
that tend to change together, in the same or opposite directions, are associated.” [1. 
pp. 101-2]. 


I am reminded of the story (alas, I cannot recollect its source) of 
the boy who is asked why trees grow. He recalls that in the spring 
birds sit on tree branches and from time to time burst into song, 


and so he concludes that the singing of the birds is the reason why 
trees grow. 
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Ackoff then recounts two examples. The first is the attempt, often 
made, to relate a company’s total sales to its advertising budget. When 
the one is plotted against the other over a number of years, a high 
Statistical positive correlation is often found, clearly showing a strong 
association between the two variables. But Ackoff warns us that it 
does not follow that there is a causal relationship here and that the 
company sales will necessarily increase if more money is spent on 
advertising. In one case he plotted the annual sales against advertising 
expenditure in the following year and obtained an even stronger associ- 
ation, but it would have been difficult to argue a causal relationship 
where the effect clearly preceded the alleged cause. In fact, the strong 
association in that case was simply a reflection of the procedure 
adopted by many companies of fixing the advertising budget as a 
proportion of last year’s sales, or as a proportion of the expected 
current year’s sales (which in turn is related to last year’s). So 
that, if anything, the inferred causal relationship should be reversed, 
with the advertising budget identified as the effect and not as the 
cause. 

The second example is one which has been the centre of a raging 
controversy for many years. It concerns numerous studies that have 
been carried out to determine a causal relationship between smoking 
and lung cancer, and Ackoff states categorically that “smoking may 
be a cause of lung cancer, but their correlation is not an adequate 
basis for asserting that it is” [1, p. 103], a sentiment that many readers 
will take issue with. To illustrate this point, his problem solver, Aesop, 
showed how data for per capita of consumption of tobacco, used in 
a paper published in a prominent journal to infer a causal relationship 
with the incidence of lung cancer in several countries, could be simi- 
larly employed to reveal a negative correlation with the incidence 
of cholera, so that if inference on the basis of these studies was at 
all appropriate, he' was right in suggesting that smoking prevents cho- 
lera. Now, he readily admits that such a conclusion would be facetious, 
but argues that the postulated causal relationship between smoking 
ana lung cancer is equally open to criticism. 

For Ackoff, an association by itself can never prove causality, but 
the analyst is bound to ask whether his confidence in a particular 
proposition should not be enhanced when he is presented with the 
results of several alternative studies, coupled with a plausible explana- 
tion for the causal relationship. After all, certain schools of the philo- 
sophy of science argue that no proof of any theory ever exists, and 
that we can justify our belief in its validity only as long as it has 
not been refuted by observation and experiment. The arguments for 
and against the theory that smoking causes lung cancer thus clearly 
demonstrate that what seems an open and shut case to some is less 
than convincing to others. 
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And yet, decision makers need guidance for action. The search for 
causal relationships is not a mere academic exercise; it is a prelude 
to contemplating whether decisions should be taken with the expec- 
tation that they will bring about a desirable change. In the case of 
smoking, for example, the Government is faced with several alterna- 
tives, from doing absolutely nothing to banning the manufacture and 
importation of tobacco-based products altogether. Whatever action 
it decides to take, it must be based on some rationale regarding the 
detrimental effects of smoking, and there is always the possibility of 
the two classical types of error occurring, type 1 relating to expensive 
action being taken but having no positive results and type 2 of no 
action taken while the ill-effects, which could have been avoided, con- 
tinue to persist [1, p. 47]. In the end, it is a matter of judgement as 
to whether an established association between variables should be 
acted upon or ignored; it would certainly be difficult to justify the 
maxim that no action must ever be taken before proof of causality 
has been fully established. 


PROBLEMS AND SOLUTIONS 

When is a problem a problem, and when is it a solution to another 
problem? I was struck by Ackoffs study of alcoholism as an example 
of how often we tend to prescribe remedies designed to eradicate 
symptoms but not the cause. Alcoholism, says Ackoff, “is usually 
treated as a problem to be removed rather than as the alcoholic’s 
solution to a serious personal problem. No wonder that when his 
‘solution’ is denied him he often returns to it as soon as he can or 
develops other ‘solutions’ that are equally damaging. The alcoholic’s 
original problem is usually left unresolved when he is denied alcohol 
or is induced to abstain” [1, p. 116]. 

Thus, any state of affairs which we are called upon to remedy may 
be viewed as a means that has evolved (or has been specifically 
adopted) in order to achieve certain ends and thereby solve some 
prior problems. And similarly, any solution developed by an analyst 
will abate certain complaints and create new ones. It is foolish for 
the analyst to imagine that once a cure is prescribed and the pains 
go away, the story is then complete with a comforting happy end. 
Just as problems cry out for solutions, so solutions beget new prob- 
lems. Some of the consequences of proposed solutions can be predicted 
and the system can be duly prepared to handle them, but some cannot; 
they develop as the environment changes and adjusts to the new values 
of the controllable variables, so that while the performance of the 
system may initially come up to expectation in certain respects, new 
strains emerge that require attention. These unpredictable conse- 
quences are the analyst’s nightmare; no wonder he has to pause from 


time to time and ponder whether the disease is not preferable to the 
proposed cure. 
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Experience and case law are obviously helpful when the analyst 
has to make this judgement, but drawing conclusions from other situ- 
ations can be a risky business, and in this respect Ackoff is sometimes 
too hasty in jumping to conclusions. For example, in his discussion 
of the drug addiction problem in the US he contrasts the extreme 
measures taken by his Government with the experience in Britain, 
and says: “By legalizing the use of addictive drugs and dispensing 
them in a controlled way, England has had much more success than 
America in treating addiction, and it has avoided the huge criminal 
problem created by the demand for drugs that are illegal” [1, p. 117]. 
Many will argue that this is a gross oversimplification of the success 
or otherwise of drug control in Britain, and it is certainly open to 
question whether legalizing drugs in America will solve its drug prob- 
lem. 

Ackoff urges analysts to be imaginative, and it is obvious that creati- 
vity in problem solving is likely to have a more significant impact 
on a system than some minor adjustments in controllable variables 
within a narrowly defined framework. The dilemma for the analyst 
is that the bolder his solution, the more difficult it is to predict the 
results, not only because of lack of evidence as to how the system 
will behave under new operating conditions, but because the whole 
internal environment may be so drastically affected that many of 
the assumed functional relationships between variables no longer 
hold. 

Of course, from time to time a seemingly outrageous solution is 
proposed, only for the analyst then to discover that it has already 
been tried or adopted elsewhere. Ackoff tells the story of a group 
looking into the problems created by the rapid increase in the number 
of cheques that need to be processed and cleared by the US banking 
system. From suggestions as to how cheques could be eliminated al- 
together by the electronic transfer of funds between bank accounts, 
the group came to realize that if a bank account includes a record 
of all transactions of income and expenditure, it could be used to 
prepare income tax returns; to avoid the difficulty of individuals hav- 
ing more than one bank account, the group then came up with the 
ingenious idea of a new tax system based on expenditure rather than 
on income [1, p. 28]. The idea though, is not new, and apart from 
Sweden and England which Ackoff mentions as countries where “such 
efforts were being made”, value added tax is wide-spread in the Com- 
mon Market and many other countries, and sales tax is well estab- 
lished in many states in the US. The total abolition of income tax 
and its replacement by a tax on consumption is a political (not an 
administrative) problem, and its pros and cons have been hotly 
debated by political parties in Britain for some time now. What is 
ingenious and exciting to some is commonplace to others. 
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THE POWER OF INCENTIVES 


Of the many fables recounted by Ackoff I particularly like two 
which demonstrate how clever yet simple incentive schemes can be 
designed to influence behaviour and thereby bring about a change 
in a desirable direction. Analysts tend to devote their attention to 
a limited number of prescribed controllable variables and do not rea- 
lize that some of the principal characters that they have to deal with 
can be converted from being overt opponents to a proposed solution 
to becoming its avid supporters. 

One of his stories concerns the amount of spare parts carried in 
vans by servicemen working for an operating company of the Bell 
Telephone System in the US [1, p. 59]. Since each repairman was paid 
according to the number of completed calls he made on subscribers, 
he filled his van with parts to meet any conceivable eventuality, 
with the result that very excessive stocks were carried about in these 
vans. 

A conventional inventory control exercise would have concentrated 
on working out the average usage of parts and the probability of 
runouts, so that specified stock levels could then be enforced on the 
servicemen. Instead, a new scheme was devised for payment to the 
repairman to increase with the number of calls made, but to decrease 
with the value of stocks carried in the van. In this way, he had a 
positive incentive to reduce the stock levels, and he did so voluntarily 
without the inevitable hostility that he would have felt towards an 
imposed prescribed solution. 

The second example relates to the commonly found case of a com- 
pany producing too great a variety of products, leading to intractable 
scheduling problems on limited manufacturing facilities and to low 
profitability [1, p. 69]. The solution—short of adding production capa- 
city—is to reduce the variety of products, and as one often finds that 
a relatively small number of products is responsible for the major 
part of turnover and profit, it is not difficult to identify non-profitable 
products that should be dropped from the range. In the example de- 
scribed by Ackoff, the arguments that one usually encounters in such 
cases were that the customers for the products in question were too 
important to ignore and that removal of the low volume products 
would adversely affect the sale of those that were highly profit- 
able. 

Instead of attempting to refute these allegations, a new payment 
scheme for salesmen was set up to replace the previously flat commis- 
sion on total sales with one that had a higher commission for profit- 
able products but none for unprofitable ones. The salesmen devoted 
their efforts to selling accordingly, their earnings increased substan- 
tially, so did the profit for the company, and many unprofitable lines 
were automatically eliminated. 





Omega. Vol. 7. No. 2 


BETTER THAN WATT? 


I could go on, but I won’t. There is no single moral to be deduced 
from Ackoff’s reminiscences, except that problem solving is not an 
occupation that can be prescribed by some mechanistic well-trodden 
procedures. Even the terms that we use to describe what we do are 
open to several possible interpretations, and it is not always immedi- 
ately clear, particularly at the strategic level, what the problems really 
are, let alone whether they have been solved. 

Perhaps that is why ‘story-telling’ is so alluring, and yet so deficient. 
It encapsulates the frustrations and triumphs of the story-teller in 
a most captivating way, but the inevitable process of simplification 
that has taken place in order to isolate the grain from the chaff leaves 
many questions unanswered, particularly questions about alternative 
approaches and the effectiveness of other possible solutions. Further- 
more, I am often curious about what happened after the end of the 
story: If it ended happily, did the main characters continue to live 
happily ever after, and what related new problems did they have to 
face? And if there was no happy ending (Ackoff recounts many cases 
where his recommendations were rejected), | would like to have been 
able to speculate on how methods could have been devised to change 
the course of events. If we pride ourselves on being problem-solvers 
and we find that our clients are stupid or obdurate and will not accept 
our advice, that too is a problem, and it needs to be tackled. 

In any event fables like Ackoff's do demonstrate that managerial 
problems need attention and that we have a contribution to make. 
I hope that Watt is listening, and if he is not, he should be. 

“But if Watt’s mouth was open, and his jaw sunk, and his eyes glassy, and his head 
sunk, and his knees bent, and his back bent, his mind was busy, busy wondering which 
was best, to shut the door, from which he felt the draught, on the nape, of his neck. 
and set down his bags, and sit down, or to shut the door, and set down his bags, 
without sitting down, or to shut the door, and sit down, without setting down his 
bags, or to set down his bags, and sit down, without shutting the door, or to shut 
the door, from which he felt the blast, on the nape, of his neck, without setting down 
his bags, or sitting down, or to set down his bags, without bothering to shut the door, 
or sit down, or to sit down, without troubling to set down his bags, or shut the door, 
or to leave things as they were, the bags pulling at his hands, the floor pushing at 
his feet, and the air puffing, through the door, on the nape, of his neck. And the conclu- 
sion of Watt’s reflexions was this, that if one of these things was worth doing, all 
were worth doing, but that none was worth doing, no, not one, but that all were 
unadvisable, without exception.” [2]. 
SAMUEL EILON 
Chief Editor 
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FEEDBACK 


People and Size 


I AM GRATEFUL to the Editor for the chance to reply 
to his challenging article: ‘A Question of Size’ (Vol 7 
No 1) 

It was Dr Schlesinger who said that one of his 
children sat for an examination in which one question 
read: ‘Discuss the causes and consequences of World 
War II (use the other side of the paper if necessary)’. 
That is how I feel when trying to cope with this vast 
subject in a limited space. Both Professor Eilon’s article 
and my paper, to which he referred (Problems of Size 
and Efficiency in Industry Today [Omega 7 (1), 1-7]), 
majored on the problem without getting to grips with 
the solutions. At least, not in detail. 

Let me point towards some of those solutions. 

I make no apologies for size in my industry. Without 
adequate economies of scale the manufacturers of most 
types of motor vehicle will not survive no matter how 
exciting their products or generous their benefactors. 
We can give up on size in this country if we are pre- 
pared to make substantial reductions in our standard 
of living. 

However, the purpose of this note is not to defend 
size itself but to look at how to solve some of the 
problems that size creates. 

Schumacher is basically right, and, even in industries 
like mine where size is inevitable, much of his theory 
can be applied. Even with our Europe-wide economies 
of scale and homogeneity of manufacturing processes 
it is possible to see much of his five principles at work 
in my own company. To go over them briefly: 


(1) Subsidiary function. Of course, management cannot 
be given freedom in the individual plants to make 
anything they like, and strict targets and standards 
have to be set in each plant to produce the parts 
for particular vehicles or components. Nevertheless, 
each manufacturing facility identifies strongly with 
its particular product and has many of the charac- 
teristics of an independent smaller supplier. Loca- 
tions like the Southampton truck plant, Thames 
Foundry or the Swansea axle plant can certainly 
not be defined as suffering from overcentralisation 
or lack of individual character. 


Vindication. Each plant has its own given criteria, 
which includes its own schedules and budget. 


Identification. In most plants employees identify 
more strongly with their plant than with Ford- 
certainly in the UK. If you have any doubts, try 
walking on the shop floor at Halewood and telling 
them they are all Europeans! While every effort is 
made to explain their reliance on each other, the 
individuality of each plant can be a benefit to the 
company and is a potential to be harnessed. Indeed, 
identity is encouraged by areas of management 
within a single location. 


(4) Motivation. This is the biggest problem and I will 
deal with it in more depth later in this note. 


(5) Middle axiom. Depending on what Schumacher sees 
as the right balance between order and entre- 
preneurial activity, we don’t think we do badly. Suc- 
cessfully designing, making and selling motor vehi- 
cles requires a powerful mixture of flair and rigid 
discipline. Read Edouard Seidler’s book ‘Let’s call 
it Fiesta’, and see what you think. 


Clearly, a company like mine can only go some ol 
the way towards satisfying the Schumacher criteria for 
health and happiness. His principles would be much 
easier to apply to a large conglomerate, say, than a 
highly concentrated industry like motor manufacture. 

Given these constraints we devote untold time and 
effort to coping with the problems of size, especially 
where they affect the individual. The popular accusa- 
tion that we ‘don’t care’ cuts deep, for it is both mani- 
festly unfair and superficial. If you dare to say that 
the firm application of a system is needed—or even 
to admit that some jobs in mass production are unavoi- 
dably less interesting than others—you are branded as 
a slave-driving revisionist. Experience also shows that 
an uninteresting job to one man can be the exact oppo- 
site to another. People’s interests and aspirations differ 
more than the jobs themselves. 

But if you are to survive with our size, and in our 
industry, the first thing you must do is face the facts 

There is an old story of the beetle meeting the centi- 
pede and asking how he managed to walk with so 
many legs. “Why, it’s easy”, said the centipede, thinking 
about it for the first time, “I start with this one and. 
The next day the beetle came back and found his friend 
the centipede dead from apoplexy. 

The moral of that story is that every one of your 
legs is vital, no matter how tiny, but even more vital 
is that they work with a common purpose. It means 
that every member of the team—be he management, 
union or individual—must sacrifice some aspirations 
and work in a commonly agreed direction. With the 
usual (and totally incorrect) cries of ‘union basher" 
ringing around me, it must be pointed out that the 
system works extremely well in every country of Ford’s 
worldwide operations, but that in Britain life is compli- 
cated by a unique state of affairs whereby the trade 
unions have considerable power over their employers 
but considerably less over their members. 

All corporate forms of existence, from the ant colony 
to the multinational company, must have a central 
discipline if it is to survive. The bigger the organisation 
the more rigid and detailed the system becomes and 
a degree of bureaucracy comes into virtually every 
aspect of a big international manufacturing operation. 
In this respect the biggest blessing is free enterprise. 
As long as you have choosy customers who are cost 
conscious, and a few strong competitors, even the mas- 
todons can maintain a relatively lean and hungry look. 
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Given this sort of background most of the problems 
of size can be overcome so long as there is a firm sense 
of purpose and firm pursuit by management of the 
company’s objectives and intelligent use of procedures. 

The major problem area that is left, however, is how 
within that system to foster the vital motivation and 
identity of the individual. The enlightened industrialist 
has realised for some years that the customer and the 
individual employee are his two most vital commodi- 
ties. Many companies have been caring increasingly for 
these two constituents since long before the recent flush 
of intellectual interest and white papers. 

If we are guilty of anything it is that we haven't 
yet got it all right, not that we aren't trying. At least, 
we believe that, thanks to exhaustive research and 
design, our products satisfy the customer more than 
most, but employee relations still have a long way to go. 

We have also come a long way, though. Years of 
experience and constant improvement have helped us 
identify six areas of human involvement on which 
modern management must concentrate. 

The first, and probably the most difficult, is to try 
to make the jobs themselves more interesting and—as 
my American colleagues would say—more meaningful. 
When manufacturing on a really big scale you cannot 
escape from the production line, but you can replace 
many of the more dull and repetitious tasks with auto- 
mation. This is still far from perfect, but at least we 
recognise the fact. We are as unhappy about the exist- 
ence of less attractive jobs as some of the people them- 
selves who actually do them. 

A degree of amelioration can be achieved by some 
movement of jobs, both sideways and upwards. An 
employee doesn’t have to spend his life doing the same 
task at the same spot. Within a limited context people 
can move from one job to another, and manual em- 
ployees are encouraged to qualify initially as training 
reserves for more demanding jobs, thus facilitating their 
eventual promotion to those jobs. 

Incidentally, we rapidly learned that not everyone 
wants to move. Do not forget that there are some 
people who for a variety of reasons prefer doing a 
repetitious job, and forcing them to move around is 
as inexcusable as neglecting them and is considered by 
them as cavalier treatment. 

Thirdly, there is the establishment of a caring man- 
agement who is aware of the human factors. This is 
made easier when the members of management have 
themselves had to work their way up through the 
various disciplines (and have good memories). It is 
important for plant and central management to be 
backed by a dedicated industrial relations team. It is 
also important to pay attention to health and safety 
over and above statutory requirements. 

We then come to the highly fashionable world of 
communication. Far from being the panacea it is held 
to be, good communication is just one crucial aspect 
of good management. For several years we have been 
devoted to a very comprehensive open communication 
programme with all employees, and we know it helps. 

The annual figures and several other aspects of the 
company are presented and discussed with all employ- 
ees on a regular basis. We have a fortnightly company 
newspaper, regular newsletters, Joint Works Commit- 
tees, departmental meetings, suggestion schemes and a 
host of other methods by which everyone is kept fully 
in the picture on everything from production targets 
to the section darts results. Training and education also 
play an important part. More could be done by in- 
dustry to improve the technical and general education 


standards of its people. This can be as refined as run- 

ning ‘high flier’ courses for promising young engineers 

to something as basic and essential as language classes — 
—in the company’s time—for employees with language 

difficulties. 

While taking care to educate rather than indoctrin- 
ate, it is important for everyone working in industry 
to learn some of the basic facts of industrial life, such 
as the need for profitability and where profits are allo- 
cated. How can you work with any conviction if you 
continue to believe that all the profits go into the 
directors’ pockets? 

And, lastly, it is essential that people are adequately 
rewarded for their efforts, not just financially but also 
with decent pensions, catering and social facilities, a 
high degree of job security, and recognition. In an age 
of increasing greyness, where the social and political 
ethic is one of everyone getting the same regardless 
of their contribution, this creates more than its share 
of headaches. But at the end of the day the pay packet 
must reflect the amount contributed by the individual. 

Those, then, are the six key areas of human involve- 
ment to which management efforts are increasingly 
directed: making jobs more interesting; job movement, 
both around and upwards; a caring and aware manage- 
ment; effective communication; education; adequate 
reward. 

While size creates problems we do not hear enough 
nowadays of its good points. In addition to commercial 
viability, one frequently overlooked aspect of size is 
that many, if not most, people actually prefer to be 
part of a system despite the disciplines and frustrations 
involved. People also like to be part of a successful 
operation. A man from Mars would probably find the 
Army, with its plethora of regulations, quite ridiculous. 
I know from my own military service that the system 
sometimes drives you mad. Yet I hear nothing but 
fondness in the voices of those of all ages who have 
been subjected to that monolithic system. We are 
largely creatures of habit who like to know where we 
stand in the order of things. We are gregarious and 
like security. It is not always a bad thing when some 
of it rubs off on industry. 

In conclusion, I cannot claim to have all the answers 
on this difficult subject, and it’s easy to criticise what 
has been done. As practical people in my Company 
we are trying. The Schumacher points, simply repeated 
by Professor Eilon, are easy to make, difficult to solve. 

We are now living through a time of rapid change, 
and aspirations for work improvement do seem at 
times to be running ahead of our ability to satisfy 
people’s material ambitions. Small would be beautiful 
if it also applied to income and the real standards of 
living. This is most emphatically not the case in Britain 
today. The explosion of dissatisfaction we have seen 
in the past six months in both public and private sec- 
tors of industry stems from the unacceptability of our 
present level of wealthy creation which has not grown 
for four years. These are perhaps more serious prob- 
lems than those of size at this stage of our technological 
development and compromises have to be made today, 
perhaps, more in favour of effectiveness than those de- 
scribed so well by Dr Schumacher and Professor Eilon. 

SiR TERENCE BECKETT 
The Chairman and Managing Director 
Ford Motor Company Limited 
Eagle Way 
Brentwood 
Essex CM 13 3BW 
UK 
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Information as a Tangible Benefit 


THREE contributions in a single recent issue of Omega 
[1-3] raised the issue of the benefits of information 
to managers. They all in various ways dodged perhaps 
the only major outstanding issue in MIS Management 
Information System. No amount of Mathuszian finesse 
(3] in measuring the incremental productivity of MIS 
projects as a basis for choosing between them answers 
the questions: ‘What good do any of them do, and 
to whom?’. 

The usefulness and benefits of information can only 
be realised by individual managers in particular situ- 
ations. Any attempt to devise arbitrary measures of 
benefit for information services that does not start from 
and end with an analysis of the situations in which 
individual managers find themselves must be poppy- 
cock. For this reason the survey by Higgins and Finn 
[1] is encouraging. They are seeking to find out the 
attitudes which individuals (in their case Chief Execu- 
tives) have towards corporate models and information. 
Mace [2] writing on accounting addresses the major 
issue but simply cites Snavely’s [4] listing of attributes 
which data must have to be useful or beneficial. He 
is trying to demolish the case that such reports can 
be optimally designed if they have predictive ability. 

Whilst it’s all very fascinating—academically, so to 
speak—why on earth do we not get down to the situ- 
ation specific study of the ways individual manager’s 
needs and/or wants for information arise and the out- 
comes that possession thereof occasions. Marketing 
and social/psychological researchers spend a very great 
time indeed analysing such situations. Good marketing 
research always proceeds through a qualitative stage 
before attempting to generalise and so of course, do 
all effective MIS creators and operators. 

The first discovery we always make is that each indi- 
vidual approaches a similar decision making situation 
with different expectations, attitudes, risk preferences 
and the like. That initial approach stance is the out- 
come of past experiences and learnings as well as the 
perceived pressures of the current position and the situ- 
ation looking forward. Taking that stance apart, 
recently, for four individuals heading up identical man- 
agement teams, revealed an infinite variety of needs re- 
sponsiveness and benefit opportunities. And one indivi- 
dual found he could only absorb the information well 
in picture form (a sociologist); another thrived on 
numbers (a willing engineer). The medium, if not the 
message, became a crucially important element deter- 
mining whether any benefit could result, what could 
be termed the ‘massage’. 

The arena in which the individual manager makes 
use of the information he has assimilated also has to 
be studied in detail. His behaviour must be studied— 
preferably in comparison with those who do not have 
similar information but, if this cannot be accomplished, 
the individual’s attitudes and behaviour must be stud- 
ied longitudinally. It’s a daunting prospect for any who 
are used to working with inanimate machines or who 
like to believe that their value judgements about what 
is good for a manager are best. The marketing frater- 


nity call that production orientation and find it works 
with customers if you are lucky or lucky enough to 
be empathetic. 

MIS cost streams in a business, thanks to more than 
a century of accountancy work and despite some theo- 
logical divergences of opinion about allocation pro- 
cedures, are relatively speaking easy to grapple with. 
The changes in managerial workloads, the shift of time 
allocation to greater or lesser opportunities, the posing 
of tactical and/or strategic questions that had hitherto 
gone unconsidered, these can only be assessed if we 
believe we should try. We find that the arrival of infor- 
mation frequently creates a need for more informa- 
tion—either for greater benefit to be achieved or 
because the first information sets undermined pre- 
viously held confidence. Whether any MIS can be 
treated on the basis of five-year life-cycle projections 
that Mathusz suggests is tendentious. Our own experi- 
ences are that two or three would be more realistic 
with costs following the old bathtub curve over that 
span. Rather like the advertising budget, MIS is prob- 
ably best handled on a dynamic budgeting approach 
from a zero base each time. 

To conclude, Higgins and Finn [1] have started the 
ball rolling by using a marketing research approach. 
Good. Now let’s go further and use the techniques de- 
veloped in the 60s and 70s. Quintessentially, let’s study 
the Information Consumer with all the skill that the 
marketing researcher studies the industrial purchasing 
officer or the housewife. The technique exists. Aux 
armes. 

P.S. One of us has started already with university 
libraries [5]. Since 1972 we’ve been researching the 
question: “How much ‘good’ does a library do?” It’s 
the opposite view from “How good is the library?” And 
both of us have faced the challenge in our own inter- 
national publishing house with our own MIS. 


JuDITH ATHERTON 
Management Centre 
University of Bradford 
Bradford, W. Yorkshire 
England BD9 4JL 

GORDON WILLS 

School of Management 
Cranfield, Bedfordshire 
England MK43 OAL 
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The development of the post-war British gas industry reveals a pattern of continuous productivity 
increase accomplished by a series of significant technological changes and substantial reductions 
in the labour force. Moreover, the transiticna from coal gas manufacture to the gassification of 
oil, and, more recently, to the exploitation of natural gas was accompanied by marked changes 
in the composition of the work force. Such changes raise a number of questions concerning the 
potential for re-training and redeployment measures within industries undergoing technical change. 
The paper examines the manner in which the shedding of labour took place within the gas industry, 
looks at the extent to which retraining measures were a feature of its development, and suggests 
some more general issues that are raised by this case study and which warrant further consideration. 


INTRODUCTION 


WITH THE imminent arrival of spectacular 
advances in microprocessor technology, the 
relationship between technical change and 
employment has once again become a topic of 
major concern. Lip service may be paid to calls 
for the adoption of labour saving technologies 
in an attempt to increase productivity, but a 
figure of one and a half million unemployed 
in Britain has ensured that neither labour nor 
management can be unaware of the broader 
implications of such technical change. The cen- 
tral dilemma remains: if the country is to 
remain a competitor in international trade, can 
the opportunities presented by new technolo- 
gies be ignored? On the other hand, will new 
economic opportunities be sufficient to avoid 
resulting large-scale unemployment? 

In this context, those industries which have 
exhibited rapid technical change, have success- 
fully increased productivity, and have at the 
same time reduced their labour force, are of 
particular interest. Thus the development of 





‘This was a common argument in much of the writing 
on employment and automation which appeared in the 
late 1950s and early 1960s. See, for example [7]. 
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the post-war British gas industry warrants in- 
vestigation: the quantity of gas sold has in- 
creased from around 2500 million therms a 
year in the early 1950s to over 15,000 million 
therms in the late 1970s; total gross output tri- 
pled between 1963 and 1974 alone; yet the 
labour force has been reduced from a peak of 
147,967 in 1952 to 101,662 in 1976. That appre- 
ciable fall is made rather more spectacular if 
employment figures are broken down into 
manual workers and staff. When this is done, 
we find that during the same period the former 
category has been reduced from 112,121 to 
40,674, while the latter has increased from 
35,846 to 60,988. On the face of it these changes 
in the workforce appear to have taken place 
remarkably smoothly and it is of interest to 
enquire why this was so. Is it the case, for 
example, as some proponents of technical 
change claim, that an ‘upgrading’ of the work- 
force is an inevitable consequence of the adop- 
tion of more sophisticated technologies and 
that this can be accomplished through re- 
deployment and re-training measures?’ If not, 
then how were such large numbers of manual 
workers made redundant in an expanding in- 
dustry with little apparent resistance? The 
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TABLE 1. EMPLOYMENT IN THE GAS INDUSTRY (1950—-1976)* 





1950 1954 1958 


1962 1966 1970 1974 





Operatives 

Administrative, 
technical and 
clerical 

Total 


108,515 109,098 99,018 


32,096 
140,611 


35,933 
145,031 


37,361 
136,379 


81,090 73,098 60,434 42,508 


42,308 
123,398 


48,628 
121,726 


59,041 
119,475 


59,583 
102,091 





* Annual Reports of the Gas Council and Gas Corporation. 


answers to these questions may have some sig- 
nificance for the debates we are likely to be 
involved in in the near future. 


THE BACKGROUND TO 
NATIONALISATION 


During the inter-war years the gas industry 
expanded, but at a decreasing rate as the in- 
fluence of competition from electricity slowly 
made itself felt. Inroads by electricity into the 
domestic market were to some extent compen- 
sated by increasing industrial sales, but the in- 
dustry’s performance in the immediate pre-war 
years was at best pedestrian. The structure of 
the industry militated strongly against greater 
competitiveness: gas was manufactured by the 
distillation of coal or was obtained from coke 
ovens, and was supplied by a host of indepen- 
dent undertakings, both company-owned and 
municipal,” while the research and develop- 
ment that was undertaken remained largely un- 





? The number of undertakings had reached a peak of 
831 in 1913, and this had decreased to 703 in 1938. 


3 The Gas Light and Coke Company set up the London 
Research Station in 1924. Other undertakings which car- 
ried out research included the South Metropolitan Gas 
Company, and those in Birmingham, Liverpool and 
Bournemouth. The Institution of Gas Engineers provided 
a forum for the dissemination of much of this work. 


*From 1,487 million therms in 1939 to 1,737 million 
in 1944. 


co-ordinated.*> During the war, the industry 
suffered considerable physical damage to 
manufacturing, storage and distribution plant 
which seriously affected output and sales of 
gas. Moreover, the type of coal available, a 
crucial factor in gas manufacture, varied con- 
siderably and was frequently not of suitable 
quality, while the cost of both coal and labour 
increased steadily. Total output, nevertheless, 
grew throughout the war years,* particularly 
in those areas not subjected to heavy bombing, 
and this entailed the construction of new car- 
bonising plant and the purchase of greater 
quantities of coke oven gas for distribution to 
consumers. 

It was apparent, however, that more funda- 
mental changes were essential to ensure con- 
tinued survival in the post-war world, and in 
June 1944 a committee of enquiry was 
appointed to investigate the industry. The com- 
mittee’s report stressed that “the existing struc- 
ture is restrictive of further progress” and 
recommended grouping the industry into large 
units, eliminating small plant, adopting 
mechanisation on a much greater scale, and 
encouraging research and development [8]. It 
was felt that these measures could best be 
achieved through nationalisation of the in- 
dustry, and this was duly achieved with the 
passage of the 1948 Gas Act. The Gas Council, 
a directing agency, was formally constituted in 


TABLE 2. EXPANSION OF THE GAS INDUSTRY & PRODUCTIVITY (1950—-1976)* 





1950 1954 1958 


1962 1966 1970 1974 1976 





Gas sold 
(million therms) 

Number of 
consumers 
(thousands) 

Number of 
employees 
million therms 
of gas sold 


2,401.4 2,451.2 2,590.8 


11,979.4 


12,4748 12,922.2 


58.6 59.2 


2,735.9 3,505.2 5,266.2 11,486.7 —13,453.5 


12,780.5 12,941.22 13,3468 13,5588  13,925.0 





* Annual Reports of the Gas Council and Gas Corporation. 
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November 1948, twelve autonomous area 
boards were created, and on | May 1949 the 
gas industry passed into national ownership. 


RATIONALISATION AND RESEARCH 


By the time it was nationalised the industry 
was in a critical state. Much of the physical 
damage inflicted during the war was still 
apparent, plant was rapidly becoming obsolete, 
the price of coal to the gas industry was rising 
to the level of that charged to the domestic 
consumer, and there was a pronounced swing 
to the use of electricity for domestic purposes. 
More than anything, it was the price and qua- 
lity of coai that gave cause for concern: it was 
essential to obtain supplies of high bituminous 
coal with low inert and high volatile content 
and with good coking qualities. (The gener- 
ation of electricity, on the other hand, could 
be accomplished using vastly inferior coals.) 
Between April 1949 and March 1950, the gas 
industry carbonised over 25 million tons of 
coal and had to pay for it at two and a half 
times the price of pre-war years. 

It was clear that any attempts to infuse the 
industry with new life would have to pay par- 
ticular attention firstly to research and devel- 
opment programmes aimed at providing alter- 
native gas manufacturing processes from coal, 
and secondly to changing the image of gas to 
enable it to compete effectively with electricity. 
In the former case the new Gas Council recog- 
nised from the beginning the need for action, 
and a research committee was set up to investi- 
gate possible courses of action. The Gas 
Research Board, which had been formed in 
1939, provided a basis for expansion, although 
it employed only 38 staff in 1949 and had not 
been able to accomplish a great deal during 
the war years. Indeed, the overall lack of com- 
mitment to scientific and _ technological 
research within the industry was illustrated by 
the small number of employees engaged in 
such activities throughout the twelve area 
boards—only 401 with university degrees or 
professional qualifications in August 1949 [1]. 
As a result, two research stations were estab- 





5 The unions represented on the National Joint Indus- 
trial Council were the National Union of General & Muni- 
cipal Workers, the Transport & General Workers Union, 
and the National Union of Enginemen, Firemen, Mech- 
anics and Electrical Workers. 
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lished, one based on the existing Fulham 
Laboratories of the North Thames Gas Board, 
the other in Birmingham under the auspices 
of the West Midlands Board, and at the latter 
a team continued work begun at Leeds Univer- 
sity in the early 1940s on the problems of gasi- 
fication of fuel oil and complete gasification 
of poor quality coal. 

It was to be some time before this work bore 
fruit and in the meantime production con- 
tinued along traditional lines. The grouping of 
the industry into area boards meant that a 
degree of rationalisation was possible and 
smaller gas works began to be closed and more 
modern plant introduced elsewhere. At first 
this had no adverse effects on the size of the 
labour force. Indeed, in the years immediately 
following nationalisation the number of 
manual workers and staff increased, and in cer- 
tain areas (notably the Midlands where com- 
petition for labour was strong) deficiencies in 
numbers were a source of anxiety for a time. 
By 1952, however, the picture was beginning 
to change and the steady rundown of manual 
labour, which has characterised the industry 
since that date, was under way. 

The nationalised industry inherited compre- 
hensive national and regional negotiating 
machinery for manual workers and was 
pleased to report that it had found “a heritage 
of cordial and friendly relationships with the 
accredited representatives of all employees, 
which provided an excellent basis on which to 
build the new structure of negotiating 
machinery.” [1, p. 34]. Under the terms of the 
1948 Gas Act a National Joint Industrial 
Council was established, half the members of 
which were appointed by the appropriate 
Trades Unions® and half by the Gas Council, 
the intention being that the Joint Council 
should deal with the well-being of the industry, 
the improvement of working conditions, and 
“the attainment of improved output with a 
view to promoting the best interests of all those 
engaged in the industry” [1, p. 36]. 

The newly nationalised industry was for- 
tunate in inheriting good labour relations and 
encountering a union attitude which was ex- 
tremely co-operative in the face of a concerted 
programme of rationalisation. Indeed, it was 
almost impossible for union representatives to 
do anything other than accept the need for cut- 
backs in the labour force if the fragmented and 
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stagnant industry was to survive. Moreover, 
the existence of relatively full employment in 
the economy and the negotiation of an attrac- 
tive redundancy scheme made the unions’ 
decision not to oppose reductions in the 
labour force a less agonising one, and after 
reaching a peak of 112,121 in 1952, the 
number of manual workers steadily declined. 
The Gas Council was well pleased: “it is not 
too much to say that here, as in better service 
to customers, the progress which Boards have 
already made toward integration and the con- 
centration of production in more economic 
units is being proved by the results.” (2, p. 20]. 
By the mid 1950s between two and three thou- 
sand jobs a year were being lost and despite 
the Gas Council’s official claim that “In 
the majority of cases it has been possible to 
offer appropriate alternative employment”, 
[3, p. 26], it was generally the case that redun- 
dancy was the path most often chosen by those 
whose jobs were disappearing. 

At this stage of the industry’s development, 
technical change played almost no part in the 
loss of jobs, and the Gas Council replied to 
the Board of Trade’s enquiries concerning its 
use of automation in 1957 that the greatest 
opportunity for increasing productivity lay less 
in technical change and more in concentrating 
production “in the larger works and closing 
down the small works which are mostly hand- 
operated.” [4, p. 12]. At the same time, how- 
ever, developments were taking place on the 
research front which were to have an even 
greater impact upon the industry’s labour 
force. As the price of coal continued to rise, 
so the need for alternative methods of gas pro- 
duction became greater: by the end of 1955, 
increases in coal prices were costing the in- 
dustry annually almost £50 million more than 
would have been the case at pre-nationalis- 
ation prices. Consequently, the industry’s 
research programme was stepped up and given 
the three aims of improving the efficiency of 
existing methods of manufacture; developing 
new processes of manufacture and new sources 
for the supply of gas; and developing greater 
efficiency in the utilisation of gas and other 
products of gas making. In particular, oil hy- 
drogenation was, by the mid-1950s, regarded 





® The Onia-Geigi process was followed in 1962 by the 
adoption of the ICI catalytic high pressure reformer which 
gave the industry a very cheap, sulphur-free town gas. 


as a promising process: refinery gases and light 
distillates were in plentiful supply because of 
the development of oil refining, and the appro- 
priate techniques were convenient and pro- 
vided a quick response to a sudden increase 
in gas demand. Early experiments had proved 
successful and trial production on a commer- 
cial scale had been carried out since February 
1953 at Sydenham, using the industry’s own 
process, and at Stafford, using the Onia—Geigi 
process, since May 1954. After the programme 
of rationalisation, the stage was set for a 
second major upheaval within the industry.® 


OIL GASIFICATION: 
A MAJOR INNOVATION 


As a greater commitment was made to 
obtaining gas from oil, so the composition of 
the industry’s labour force began to change. 
Recruitment was from significantly different 
quarters: there was “a need for draughtsmen, 
chemists and technicians” and it was hoped 
that the industry could attract its share “of the 
technical and scientific candidates likely to 
come in increasing numbers from the uni- 
versities and technical colleges.” [4, p. 25]. As 
the new class of technicians grew, the number 
of manual workers decreased at an even faster 
rate. Some found employment in the new oil 
based plants, where physical conditions were 
better, but by 1962 over 30,000 jobs had been 
lost in the previous 10 years, due, in the Gas 
Council’s words, to “continued integration, 
adoption of modern automatic methods of pro- 
duction and distribution, and to centralised ad- 
ministration.” [5, p. 25]. 

While overall employment was declining, the 
industry began to show heartening signs of re- 
covery and growth. Indeed, for an enterprise 
that many felt to be moribund in the late 1940s 
and early 1950s, the change was remarkable. 
The annihilation of gas by electricity, that was 
confidently predicted after the war, had not 
occurred, and the ‘dirty and dangerous’ image 
of gas that had plagued the industry was re- 
placed by one more in keeping with the ‘white 
heat of the technological revolution’ that lay 
around the corner. Much of this successful re- 
covery was attributable to a massive invest- 
ment in management recruiting and training 
and to important work carried out on the 
domestic: utilisation of gas appliances which 
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TABLE 3. CHANGES IN THE SOURCE OF GAS. (1961/62-1967/68)* 





1961/62 1962/63 


1963/64 1964/65 1965/66 1966/67 1967/68: 





Gas made (million therms) 

1. Coal gas 

2. Lurgi gas (lean) 

3. Water gas 

4. Oil gas 

5. Producer gas & other 
Gas bought (million therms) 

6. From NCB coke ovens 

7. From other coke ovens 
8. Oil refinery gas 
9. 
0. 
3 


1704.9 
24.2 
436.4 


1684.0 
32.1 
534.2 
132.6 
21.0 


254.9 
220.0 
222.1 
84.0 
20.8 


Liquified petroleum gas 
Natural gas & other 
Direct natural gas 


1637.7 
51.9 
454.4 
197.6 
15.6 


1461.8 1152.7 
66.8 
255.8 


1151.7 


232.9 
227.8 
258.5 
155.0 

31.5 





Total gas available 


(million therms) 2983.1 3205.7 


3262.9 3520.6 





* Gas Council Annual Report for 1968. p. 132. 


resulted, for example, in the efficiency of gas 
fires being increased from around 30% to over 
60% in little more than a year. Underlying 
these developments, and to a large extent con- 
solidating them, were the benefits accruing 
from the new oil-based gas manufacturing 
techniques, in particular a higher quality gas 
and, perhaps most important of all, stable 
prices as reliance on coal diminished.’ Table 3 
illustrates the changing source of gas in the 
period. 

During this period of growth the vast major- 
ity of workers who were displaced continued, 
as previously, to choose redundancy rather 
than redeployment or re-training. Yet this was 
no longer such an obvious choice as it had 
been in the past. The industry was, after all, 
now expanding rather than fighting for survival 
and the possibilities for remaining within it 
appeared considerably greater. The explana- 
tion for the willingness to accept redundancy 
lies chiefly in the past success of negotiated 
compensation schemes® and in a widespread 
tendency among manual workers and union 
officials to see the industry as a ‘redundancy 
industry’ after the events of the 1950s. As a 
result, union negotiators pressed harder for 
better redundancy payments, longer periods of 


notice and the like, but offered no challenge. 





7 Between 1961/62 and 1967/68 the quantity of coal used 
in gas manufacture decreased from 22,213,000 tons to 
13,512,000 tons; that of oil increased from 866,000 tons 
to 4,605,000 tons. 

8 The first compensation scheme came into effect in May 
1959 and was superceded by a second in January 1964. 


to the basic management strategy of reducing 
numbers. A considerable momentum was built 
up around the notion of redundancy, and the 
majority of manual workers expected to be 
offered those terms (and even better ones) 
which were presented to their predecessors. 
Again, a situation of relatively full employment 
in the country at large contributed to this will- 
ingness to leave the industry. 

In retrospect it would have been possible for 
union officials to advocate more strongly re- 
training and redeployment measures, yet the 
strong preference for redundancy among their 
members (expressed both at regional levels and 
at national conferences) would have required 
a major effort of persuasion. Besides, union 
officials themselves had become extremely 
skilled at negotiating attractive redundancy 
agreements and were thus constrained by the 
expertise they had developed. 

Since it was necessary to keep plants operat- 
ing until the last moment, workers were in- 
formed of impending closure and offered 
attractive redundancy payments conditional 
upon their staying until discharged by manage- 
ment. It was made clear to employees that 
leaving the industry prior to the closing down 
of the operation would prejudice their entitle- 
ment to redundancy pay. This last minute clo- 
sure of works presented little opportunity for 
retraining or absorbing large numbers of 
workers. Moreover, the short time allowed 
employees to choose between possible re- 
deployment and redundancy coupled with un- 
certainty surrounding the nature of alternative 
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employment meant that cash payments 
appeared particularly attractive. Even in those 
areas where trial periods of alternative employ- 
ment were allowed, the tendency was for 
workers to choose redundancy, producing, as 
one union official admitted, “a result highly 
satisfactory” to management, unions, and, at 
the time, to workers. 


THE TRANSITION TO 
NATURAL GAS 


A striking indication of the changes that had 
been taking place in the industry was provided 
in.1964 when consumer service became the lar- 
gest single category of employment. At the 
same time developments were afoot which were 
to reduce the number of those involved in gas 
manufacture even more drastically than had 
hitherto been the case: the search for North 
Sea gas. 

Exploratory drilling for natural gas had been 
undertaken in various parts of mainland Bri- 
tain as early as 1952, although the industry’s 
first real large-scale experience of natural gas 
was provided later in the decade when pro- 
posals were made for importing liquified meth- 
ane from Algeria. In November 1961 an agree- 
ment was signed for the shipping of methane 
equivalent to 350 million therms a year, for 
15 years, to terminals on Canvey Island. As 
part of this project a backbone main was con- 
structed from London to Leeds, foreshadowing 
developments which were soon to become an 
integral part of the industry’s activities. 

After the Dutch discovery of North Sea gas 
in 1963 it became clear that the industry could 
be revolutionised once more. In retrospect 
(although it was not recognised at the time) 
it is clear that a transitional stage between 
traditional coal gas manufacture and natural 
gas was an essential prerequisite for successful 
exploitation of the new resources. Fortunately, 
the modernisation of the industry that had 
accompanied the large scale gasification of oil 
provided just such a bridge. As a result the 
industry had become more scientifically 
minded, and had acquired a considerable body 
of technical skill which was to prove invaluable 
in making use of the more sophisticated tech- 
nologies demanded by natural gas. The Gas 
Council was aware of the challenge in terms 
of manpower: “With its present expansion and 
the need to plan for the introduction of natural 
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gas from the North Sea, the industry offers 
excellent opportunities for capable, intelligent, 
enthusiastic and responsible people. Recruit- 
ment efforts in many fields are being stepped 
up to meet the keen competition from other 
employers.” [6, p. 41]. 

For the industry’s labour force, and the 
trades unions, the implications of these funda- 
mental changes were unclear. It was apparent 
that jobs in gas manufacture would decline at 
an even faster rate, but on the other hand there 
would be substantial opportunities for employ- 
ment within the distribution sector and in the 
conversion of an _ estimated 30 million 
appliances. At this point, with a rapid expan- 
sion of the industry in prospect, a major shift 
in union policy could have taken place. Signifi- 
cantly it did not occur, and the policy of seek- 
ing redundancies remained unchallenged, the 
labour force continuing to express a preference 
for better redundancy payments. 

In fact, much of the new distribution and 
conversion work was undertaken by contrac- 
tors and very few employees of the industry 
transferred to the new programmes. The extent 
to which it would have been possible to per- 
suade more workers to remain within the in- 
dustry is debatable. On the one hand they had 
pension rights and the like to protect; on the 
other the work involved in distribution and 
conversion was very different from their pre- 
vious experience and the contrast between fac- 
tory-like shift work and the new employment, 
demanding flexibility in both hours and mobi- 
lity, may have been a major obstacle. 

Since the advent of natural gas, the impres- 
sive progress of the industry has been main- 
tained. In the first 5 years of this decade, total 
supplies of gas available doubled to over 
14,000 million therms; industrial gas sales in- 
creased by three and a half times; and employ- 
ment of manual workers declined by a further 
14,000. Even the total of administrative, tech- 
nical and clerical staff has stabilised, thus 
bringing an end to the growth which had char- 
acterised this section of the industry since 
nationalisation. Indeed, a comparison of the 
fortunes of manual workers and staff reveals 
some interesting features, not least that while 
the former have declined by almost two thirds 
since 1952, the latter have almost doubled in 
number. In part this reflects a reclassification 
of manual jobs as staff posts—meter readers 
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and collectors for example—while much of the 
increase can be attributed to the expansion of 
administrative staff numbers as the industry 
has grown, and to the greater commitment to 
scientific and technical research associated with 
an industry which has experienced rapid tech- 
nological change. Nonetheless, it does appear 
that staff have grasped more readily than 
manual workers those opportunities for re- 
deployment and retraining that have presented 
themselves. Many gas engineers, for example, 
previously employed in gas manufacture were 
well aware that their skills would find little ap- 
plication outside the industry and were there- 
fore anxious to find alternative employment 
within it. This contrasts markedly with manual 
workers who felt certain they could obtain sub- 
stantial redundancy payments and secure a 
comparable job elsewhere. Clerks, shorthand 
typists, and machine operators were all easily 
transferred within the industry since their skills 
were in short supply. Only at the supervisor 
level were problems frequently encountered, 
and significantly many of those involved had 
come from the shop floor and were in many 
respects the staff closest to the manual workers. 


CONCLUSION 


The question remains as to how many 
manual workers could have been kept within 
the industry if re-training policies had been 
pursued more vigorously. Since the gas in- 
dustry is now having to recruit large numbers 
of people for distribution work—up to 5000 
workers are needed in the near future—it 
would seem that the potential existed for re- 
deployment on a fairly large scale. Other posts 
could also have been filled by displaced pro- 
duction workers, notably in maintenance, 
store-keeping and similar jobs, and in adminis- 
tration. Given the strong distinction between 
manual and non-manual work, the last of these 
was perhaps unlikely to account for many dis- 
placed production workers, although union 
representatives insist that the other categories 
were capable of absorbing a considerable 
number. The difficulties of actually persuading 
men to re-train or to undertake work of a dif- 
ferent nature would remain. Certainly, 
attempts to re-train workers as fitters (a high 
status job within the industry) met with very 
limited success, requiring as it did a long train- 


ing in parallel with the apprenticeship scheme 
and examinations at the end which deterred 
older men from taking part. It comes as no 
surprise that generous redundancy payments 
should have proved such an attractive alterna- 
tive. : 

The mismatch in terms of skills and worker 
expectations between old jobs: and potential 
new ones emerges as an important issue in a 
consideration of the gas industry’s successful 
shedding of labour. Thus while the changing 
composition of the industry’s entire workforce 
appears to support the ‘upgrading’ thesis men- 
tioned in the introduction to this paper, such 
changes owed little, if anything, to retraining 
and redeployment within a context of techno- 
logical change. Rather, it has been the case that 
recruitment to new staff and technical posts 
has taken place from outside the industry, 
while displaced production workers have left 
the industry, often in the expectation of finding 
similar work elsewhere. Some of the problems 
of re-training and redeployment were of course 
peculiar to the gas industry—for example, an 
ageing workforce which was more favourably 
disposed towards accepting redundancy pay- 
ments than towards a different type of employ- 
ment. Yet some of the difficulties involved in 
re-training appear to have a wider significance. 
In particular, the problem of presenting to 
those displaced work of a quite different nature 
‘remains of central importance. Industries 
adopting new technologies and wishing to shed 
labour in future will not be able to do so in 
an economic climate as favourable as that 
enjoyed by the post-war gas industry nor can 
they expect such willing co-operation from 
trades unions. With a dearth of alternative 
employment it will be yet more important for 
both management and unions to cultivate an 
atmosphere within which proposals for re- 
training can flourish. In a rapidly changing 
technological world it will have to be made 
an integral part of work experience rather than 
a special event. 
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Planning for an economic enterprise can be dichotomized into short-run production planning and 
longer-run investment planning. Usually these problems are treated as if they were separate, if 
not independent. This paper briefly reviews the separate approaches to optimal production decision 
making and investment planning, ‘fusing’ these models in order to consider the two issues simul- 
taneously. The resulting ‘fused’ model is used to illustrate several difficulties which result from 
an intuitive synthesis of the independent solutions of the production problem and the investment 
problem. An integrated model is presented representing a centralized simultaneous soiution for 
decision variables from the two functional fields. The paper compares and contrasts the synthesis 
of separate functional models to the decomposition of a simultaneous model of those functional 
areas. A result of this comparison is a theoretical justification for operating budgets and revenue 
targets as organizational mechanisms for achieving coordinated plans among decentralized planning 
units. Further, the set of conditions are identified under which the two approaches to simultaneous 
decision making are equivalent. 


PRODUCTION AND INVESTMENT 
PLANNING 


b; = the quantity of the i‘* input which 
is a fixed factor for the short run 
planning problem. 

a;; = the quantity of the i‘ fixed factor 
required per unit of the j‘" product. 

c; = the contribution to the cash flow 
(selling price minus variable costs) 
of one unit of the j"" output. 


INITIALLY, the production planning problem 
is presented as a linear program and the net 
present value investment decision rule is 
reviewed. These separate models are then syn- 
thesized into a ‘fused’ model of production and 
investment planning. 

Consider the following single period linear 


‘ Let 7m; represent the optimal value of the dual 
programming production planning model: 


variable associated with the fixed input );. 
Then 2; measures the increment to cash flow 
if one more unit of the first capital good is 
made available to production while all other 
fixed resources are held constant, provided the 
primal solution remains feasible. 

It is assumed that an additional unit of fixed 


max 
subject to 


XL cj x; 

x, 20 

where: 

x stands throughout for summation over all 


values of j, unless stated otherwise 


x; = the amount of output of the j" 
product to be produced (a decision 
variable). 
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input 5; is available not only in the current 
period, but also in future periods. However, the 
input’s availability is subject to deterioration 
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over time at a rate of (1 — x) per period. Thus, 
subsequent production planning problems can 
be represented by the same linear program- 
ming formulation by adding a time subscript 
to all parameters and decision variables (so 
that b;, represents the anticipated level of capi- 
tal good i available in the subsequent period 
t with the shadow price 7;,). 

The acquisition of an additional unit of the 
first fixed-input factor in period | (and implici- 
tely «' units in period t) can be evaluated using 
capital budgeting techniques. If each unit of 
factor 1 costs g,, the net present value of an 
investment in one unit is: 

site 


T 
NPV = ¥ — 


= 
r=1 (1 +r) 


The decision rule is to add to resource | 
if the NPV is positive. This decision rule will 
be referred to as the fused model since it fuses 
the optimal marginal cash flows, or shadow 
prices, from production to the Net Present 
Value investment decision rule. 

Several shortcomings of this fused model as 
a practical decision rule are quite apparent. 
Letting e; represent the level of investment in 
resource i, the decision rule implies that opti- 
mally either e; is zero (NPV < 0) or e; is infinite 
(NPV > 0). Second, it is based on the assump- 
tion that for any level of change of b;, that 
the shadow prices are constant. Clearly these 
first two issues are closely related. A third diffi- 
culty is that once an investment in capital good 
1 is determined, the revised production plan- 
ning problem will provide new dual variable 
values for capital good i if the optimal basis 
changes. Thus, different sequences of capital 
good decisions may determine different invest- 
ment decisions. Further, the fused models fails 
to identify an organizational process to achieve 
a solution. 

The first two shortcomings could be dealt 
with by recognizing that 72,, is a function of 
e, and by replacing z,, in the NPV decision 
rule with the monotone decreasing step func- 
tion (analogous to the marginal revenue curves 
derived in Vander Meulen [14]) which relates 
M,, to e;. An optimal value of e,; can then be 
determined by increasing e, as long as the mar- 
ginal increment to present value remains posi- 
tive. However, this analysis would not resolve 
the issue of the appropriate sequencing of in- 
vestment decisions. 


Decentralized Investment and Production Planning 


A MULTI-PERIOD PRODUCTION AND 
INVESTMENT PLANNING MODEL 


In this section, we present a mathematical 
programming model designed to provide the 
simultaneous determination of the short-run 
production variables and the long-run invest- 
ment variables. The model is a linear program- 
ming model structured such that a budget 
decomposition (see [3]) is a suitable means for 
its solution. Linear technology and _ perfectly 
competitive product and factor markets are 
assumed. 

We have chosen to ignore the possibilities 
of external debt or equity funding of invest- 
ment decisions in order to focus on the interac- 
tions between production planning and invest- 
ment decision making endogeneously. Morris 
[12] discussed these external financing issues 
assuming exogenous cash flow estimates of in- 
vestments. Our objective is to determine the 
cash flow implications of investments in pro- 
ductive resources within the simultaneous 
model based upon the optimal utilization of 
such investments in the production of the 
firm’s outputs. 

We can write the model as: 

: 


Max ¥ Dj +r} 
t=1 


Subject to (i) 


> ijt X jt < bir 2) xDive—1 + Cit 


(ii) Terminal Cash = Initial Cash + Re- 
venues — Production expenses — Investment 
expenditures — Dividends 


The objective function is the present value of 
the cash dividends, D,, to the firm’s owners. 
The first set of constraints, (i), deals with physi- 
cal limitations of production inputs in each 
time period (analogous to the production 
model given previously). Also within (i) we rep- 
resent the level of capital equipment in time 
period t as the amount that was available in 
the previous time period adjusted by a survival 
factor, «, plus the amount purchased at the 
beginning of the time period t. The constraints 
in (ii) deal with the cash position of the firm 
and essentially equate the sources and uses of 
cash in each time period. 

The set of conditions indicating the techno- 
logical depreciation of available facilities from 
period t to:period t + 1, and the potential for 
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cash carryover, are the only restrictions which 
tie the planning problem together, such that 
it is not trivially decomposable into a planning 
problem for each period individually. 

Writing each b,, in terms of initial stock and 
subsequent investments, it is obvious that pro- 
duction decisions in any given period depend 
upon the investment decisions of all previous 
periods. 


t 
tt, t 
“Sew y x Cik + a'bi, 
k=1 


Looking forward, we also see that today’s in- 
vestment decisions create constraints on pro- 
duction decisions for future periods. 


DECOMPOSITION OF THE 
MULTI-PERIOD MODEL 


There are two basic approaches to decompo- 
sition for this type of model. One is the price 
coordinated approach developed by Dantzig 
and Wolfe (D-W) [17,8] and later interpreted 
for the firm by Baumol and Fabian [2]. The 
other method is a budget’ approach as devel- 
oped by Kornai and Liptak (K—L) [10] for 
national planning, and later interpreted for the 
firm by Burton, Damon and Loughridge [3]. 
A modified budget method which assures finite 
convergence was developed by Ten Kate [13]. 

The choice of both the form of decomposi- 
tion and of the partitioning of the decision 
variables into ‘divisions’ of the firm are essen- 
tially the issues of organization design. Each 
different partition of the decision variables rep- 
resents an organizational form which has an 
implicit information system which is derived 
from the mechanics of the information flows 
associated with each iteration of the planning 
process. We choose to ignore many of the 
‘natural’ partitions (product line, geography, 
common resource utilization, etc.) in favor of 





' Budget is used in its general meaning to denote mone- 
tary allocations and requirements as well as non monetary 
allocations, such as the number of machines available. 

The Kornai-Liptak decomposition algorithm will 
maintain primal feasibility at every iteration if the associ- 
ated game is regular. The subproblems’ feasibility could 
be guaranteed by allowing the subproblems access to artifi- 
cial external financial markets at artificially high rates. We 
refrain from introducing these markets since it adds con- 
siderable notational complexity without changing the cen- 
tral argument. 

Further, the K-L approach uses a weighting procedure 
of past provisional budgets and current solution in the 
information flows. For a linear model, such a scheme is 
required to obtain convergence. 
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a temporal decomposition (or decentraliza- 
tion). The rationale for this choice is that a 
temporal decomposition is a generalization of 
the fused model presented earlier. A further 
rationale is that it provides insight into the 
decentralization of the firm into the functional 
areas of production planning and investment 
decision making. 

In order to relate the fused model and the 
simultaneous model we have selected a parti- 
tioning of the decision variables which would 
require independent determination of each 
period’s production decisions, the vector x,, 
and an overall coordinator responsible for 
non-production decision variables, including 
investments. The separate period production 
plans must be coordinated due to the coupling 
requirements that exist among the remaining 
variables. The budget and investment organiza- 
tional unit is responsible for setting capital in- 
put levels (b;,), investments (e;,), dividends (D,), 
and is clearly the coordinating unit for the pro- 
duction planning periods as shown in Fig. |. 
Figure | demonstrates the type of calculation 
each organizational unit makes and the necess- 
ary information flows to coordinate the deci- 
sions of these units. 

The budget form of decomposition for this 
model requires the definition of an operating 
budget, B, and a revenue target, R,, for each 
period. The created budget constraints, B,, and 
revenue requirements, R,, for each period guide 
the choice of the production plan. They drop 
out if the period production models are substi- 
tuted back into the central coordinator’s model 
to reconstruct the original simultaneous model. 
Thus, they do not appear in the original simul- 
taneous model. This decomposition approach 
to the solution of the simultaneous model pro- 
vides a theoretical justification for introducing 
operating budgets and revenue targets as coor- 
dination mechanisms for the decentralized 
solution of the firm’s planning problems. 

For this decomposition, the budget coor- 
dination model and each production planning 
model are formulated as linear programs. The 
production models are the original production 
model with operating budgets, and revenue re- 
quirements added. The budget coordination 
model is similar to the simultaneous model, 
except the production variables are replaced by 
their aggregate effects summarized in the oper- 
ating budgets and revenue targets.’ 
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Fic. 1. The planning scheme. 


An important feature of this solution pro- 
cedure is that at the termination of the algor- 
ithm each organizational unit can, and must, 
implement the solution it has calculated on the 
final iteration. This feature is important 
because it contrasts with the transfer price 
decomposition algorithm in which the solution 
to be implemented is a weighted average of 
previous solutions rather than the last solution 
recommended by the subsystems. Behaviorly, 
this resource allocation approach is more 
viable. (See [4] for a more complete discus- 
sion). 


COMPARISON OF THE MODELS 


The ‘fused model’ is the net present value 
decision rule applied to the investment in one 
more unit of one of the productive resources 
(arbitrarily resource 1). The ‘fused model’ is: 


NPV = 3 anne 
oa (lL +r) 


> Oaccept 
“* < Oreject 


The application of this model presumes that 
the most recent schedule of investments will 
be undertaken so that subsequent production 
plans may reflect the resultant expansion of the 
scarce resources. With each period’s optimal 
use of the resources established, the shadow 
prices in each period, 7;,, are known. 

We apply analogous assumptions to the 
decomposition of the simultaneous model and 
consider the resultant problem of the budget 
coordinator. To mirror the assumptions of the 
fused model each production plan must have 
a sufficient operating budget, B,, and a non re- 


strictive revenue target, R, This can _ be 
achieved by setting both such that they are 
nonbinding, and thus their shadow prices (f, 
and p,) are equal to zero. With the current in- 
vestment plan which is updated as a starting 
point and treating all planned investments as 
fixed except for the first period (analogous to 
the fused model), and letting C,, represent the 
T-t period rental value per unit of productive 
resource 1, the central coordinator’s optimiza- 
tion problem can be written as: 


mal § (Jen) 


This expression for the first iteration of the 
central coordinators problem is identical to the 
fused model decision rule presented earlier and 
thus the optimal value of the function is 
obtained when the investment quantity, e, ,, is 
either zero or infinite. 

This equivalence of the two models is a 
measure of the crudeness of the fused model, 
not a justification of the simultaneous model. 
In fact ideally the first iteration of the decom- 
position algorithm should not be the iteration 
used above for purposes of comparison. The 
viability of this decomposition approach would 
rely upon the use of the previous period’s ten- 
tative investment plans as the first iteration of 
the algorithm for the current period. This in- 
itial solution would be improved upon by the 
use of the operating budgets and revenue 
targets as coordinating mechanisms. Since in 
practice only a few iterations would actually 
occur before a plan would have to be imple- 
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mented, starting with last period’s tentative 
allocations and budgets ‘rolled’ forward one 
period would assure a good starting point for 
the revision, or iteration, process.° 


CONCLUSION 

This paper presents a fused model of the net 
present value decision rule for investment deci- 
sions in which the marginal impact upon future 
cash flows is measured by shadow prices from 
a linear programming formulation of the pro- 
duction processes of the firm. The short- 
comings of the fused model are discussed. A 
linear program is presented which represents 
the simultaneous problems of production plan- 
ning and investment decision making. Using 
a budget decomposition, it is demonstrated 
that one possible first iteration of the decom- 
position algorithm leads to an investment deci- 
sion problem identical to the fused model. 
Operating budgets and revenue targets are in- 
troduced to coordinate consecutive production 
planning problems, and to overcome the short- 
comings of the fused model. These budgets are 
the organizational mechanism by which the 
firm achieves a coordinated plan for produc- 
tion and investment where functional planning 
units are organizationally decentralized. 





3 Computational experience on related models suggests 
that budget decompositions using historical data to start 
the planning scheme are effective and yield good solutions 
in a few iterations. See Burton and Obel [5]. 
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OR consultants who wish to help clients with complex policy issues need to find ways of taking 
account of personal and illegitimate features of a client's understanding of his situation, as well 
as the technical features which are usually considered. This paper is an attempt to discuss the 
practice of operational research in ways which reflect its political complexity, rather than the 
techniques, which are more commonly described in the published papers and texts. The discussion 
leads to the suggestion that practitioners could usefully devote some energy to reflecting upon 


the processes used in effective problem solving. 


INTRODUCTION 


For MOST of its life OR has been character- 
ised by a perspective based upon the notion 
of problem solving from a so-called inter-dis- 
ciplinary understanding of the social world. 
The skills and expertise of the OR man thus 
enable him to offer solutions to a wide range 
of different problems such as manpower plan- 
ning, production scheduling, and marketing 
tactics. 

There is a widespread belief that whilst prob- 
lems may occur in many guises requiring differ- 
ent ways of gathering data and translating it 
to a manipulable form, the general approach 
to solution remains the same in all cases. Im- 
plicit in this is another belief, that the solution 
of a problem may usefully be regarded quite 
independently of the formulation, data gather- 
ing and solution implementation for the prob- 
lem. 

Underlying both these beliefs is another 





' This paper was presented at ‘The King is Dead: Long 
Live the King’; One-day conference organized by the 
National Events Committee of the Operational Research 
Society. December 1977. 


belief that problems are entities in their own 
right. This seems to stem from a ‘systems’ view 
of the world [12]—that is they exist outside 
of a person and can thus be discovered and 
described as a result of the OR inquiry process. 
If only the operational researcher can separate 
off the ‘real’ problem from any other (and by 
implication ‘unreal’) problems which may be 
presented, then so long as he is given adequate 
access to the facts he can proceed to modelling 
and solution. In this way it is possible for the 
methods of OR practice to remain intact by 
implicitly ignoring the complicated qualitative 
experience and wisdom of those who have 
endured the problem environment for much of 
their occupational lives but who unfortunately 
do not have the skills to construct ‘respectable’ 
science-rational models of their complex en- 
vironment. 

Traditional methods of science-rational 
analysis show an understanding of the social 
world which people have often commended to 
each other, but which we would suggest no one 
finds to be a useful way of operating for him- 
self. It may be that we all believe that we are 
the only people with complex problems, and 
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that others just suffer from muddled thinking; 
for this or some other reason there is a misun- 
derstanding of the relationship between prob- 
lems and the persons who have them. 

Several studies have demonstrated the disap- 
pointing consequences of this framework for 
problem solving—Brewer [11] conducted an 
extensive analysis of the effect of OR in the 
solution of urban problems and discovered an 
over-riding disillusionment where apparently 
none of the parties associated with the activity 
(public, politicians, civil servants, and analysts) 
appeared to recognise a payoff to anyone either 
overt or covert. In this paper we shall argue 
that some disillusionment is an inevitable con- 
sequence of the underlying paradigm guiding 
OR practice. This paradigm is the result of an 
over emphasis on a particular view of science 
which has led implicitly to the dominant guid- 
ing principles being derived from the Systems 
Frame of Reference [10]. We shall also seek 
to demonstrate that the explicit recognition of 
alternative frames of reference could poten- 
tially decrease the likelihood of disillusionment 
on the part of client or consultant. 

Our argument does not derive its impetus 
from a belief that current OR practice is always 
poor or unsuccessful but more from the pre- 
sumption that a more sound theoretical basis 
for understanding and reflecting upon the pro- 
cess of effective consulting will inevitably lead 
to a better profession. The perspective we shall 
present is driven by an analysis of successful 
consultant practice and an attempt to map the 
results of this analysis into an appropriate 
theoretical framework. 


THE REALITY OF PROBLEMS AND 
THE PROBLEMS OF REALITY 


There is a major difference in emphasis 
between discussion within the profession and 
the behaviour of the OR consultant working 
within a social organization. In the first in- 
stance we see, within textbooks, journals, pro- 
ject reports, proceedings of conferences, an 
attention to the problem—its characteristics, 
structure, content—that is to say our attention 
is directed to an objective reality [17], a system 
of interacting variables that as a consequence 
of manipulation could be made to behave dif- 
ferently. The description of the problem is im- 
plicitly contained by the form of the model 


which is used for its solution, a solution is dis- 
covered (usually through mathematical/numer- 
ical manipulation) which will enable the system 
to operate in a preferred manner. In this way 
we are led to believe in the reality of an objec- 
tively defined problem which is assumed to be 
self evident to all intelligent people; those who 
do not see the facts of the matter are therefore 
regarded as recalcitrant. However when we 
study what is going on in the process of behav- 
ing as a consultant we see a part of OR prac- 
tice which we apparently feel unable to discuss, 
reflect upon, or theorize about. We see a com- 
plicated drama unfold which involves power, 
influence, negotiation, game playing, organiza- 
tion politics, complex social relationships with 
real people not merely office holders [26]. In 
this environment problems are not self evident 
at all; under the guise of the same problem 
title each actor sees a reality which is unique 
to him, that which comes to be known as the 
real problem for the consultant depends then 
upon his own reality and that belonging to 
those actors to whom he chooses to listen. 

It seems almost trivial to note that it is not 
possible to talk meaningfully about a problem 
without ascribing an owner or owners to it, 
because different persons will experience differ- 
ent problems in what might be thought of as 
the same situation. We do not mean to suggest 
that problems are wholly and irreducibly indi- 
vidual, since it is clearly possible for a group 


‘to own a problem as a consequence of negotia- 


tion [28]. However, for reasons that we shall 
explain later, we believe that too little attention 
has been paid to this process of negotiation. 
For example, the event ‘shop steward calls 
strike meeting’ may be an event about which 
we all know, however for the purpose of under- 
standing the nature of problems we need to 
discover how this event is interpreted. A con- 
sultant may define a problem based upon an 
interpretation of the event as the predicted 
consequence of a poor incentive scheme, the 
managing director sees it as a storm in a tea 
cup and of no real consequence, to the indus- 
trial relations director it is the possibility of 
his being replaced, and to the local district 
union Official it is the shop steward asserting 
his authority so that he may take over as dis- 
trict organiser. Each of these individuals could 
become a client or indeed all of them may wish 
to define themselves as a client group. 
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Such discrepancies in the way that problems 
are described may be attributed to wilful misre- 
presentation, but we believe that some discre- 
pancy of this kind is the natural result of the 
cognitive process. The person sees his world 
with the aid of a unique mental framework; 
the world around him is much too complicated 
for him to perceive every part of it and every 
possible combination of parts, and a frame- 
work is necessary for him to make sense of 
events and objects in his environment. It fol- 
lows that problems can only be the outcome 
of making sense of the reality the person has 
constructed through the use of his mental 
frame of reference; if after the use of his frame 
of reference he has some unease or dissatisfac- 
tion which he does not know how to deal with, 
we say he has a problem [23]. If after the use 
of his framework he does not feel any unease 
or dissatisfaction then no matter how appalling 
his situation or how golden his opportunity 
may appear to an observer he does not have 
a problem.’ 

How do we account for this process of prob- 
lem construction theoretically? Following 
theories from the sociology of defining situ- 
ations? and the psychology of cognition,* 
problem definition can be explained by the way 
in which each of us has developed a unique 
schema (mental framework) for interpreting the 
events around us. Perception and _ interpre- 
tation are ordered by the contents of this 
framework which include systems of values 
and beliefs. 

For most of the problems which operational 
researchers are called upon to solve, however, 
this is too simple a view. When a person in 
an organization has defined a situation as 
being problematic, he may be able to go ahead 
and formulate and solve the problem for him- 
self, but in this case no operational researcher 
is involved. He may be able to call in a consul- 
tant for help without reference to his peers and 
superordinates, but even if he has the right to 
do this he may not be willing to accept the 
consequences for himself within the organiza- 





? This type of perspective is accounted for by sociologists 
under the heading of phenomenology: see for example 
Bittner [7]. 

>See McHugh [24] and Ball [5] for a discussion of 
the implications of ‘defining situations’ on understanding 
social behaviour. 

* For an excellent introduction to cognition and its rela- 
tionship to defining reality see Neisser [25]. 


tion of doing so, which may be seen as high- 
handed, as suspicious manoeuvring or simply 
as an admission of incompetence. 

So we may expect that, most commonly, 
problems presented to an _ operational 
researcher will be the result not only of one 
man’s schema, but also of a process of negotia- 
tion and redefinition within a group. Let us 
consider an initial problem definer bringing his 
problem to his work team. However he has 
formulated the problem for himself, the way 
he describes it to the team will be influenced 
by the way he wishes to present himself to that 
team. If he wants them to think of him as com- 
petent he is unlikely to present a problem in 
such a way that it could imply he has acted 
incompetently, even if this were his private 
belief about the genesis of the problem. If he 
wants the team to take on the problem as 
being its own, rather than just sanctioning him 
to get help with it, he will present the problem 
in such a way as to make it apparent that there 
are gains to be had or losses to be averted 
for other members of the team by solving this 
problem. He may seek to show some member 
of the team that a solution to his (the initial 
problem definer’s) problem would also solve 
some different problem which he believes this 
member to be experiencing. There often seem 
to be fashions for a type of problem in a par- 
ticular team or organization, and he may 
define his problem to be in line with other 
problems which seem to be being experienced 
in the team at that time. Or, maybe he needs 
to express concern and commitment about 
some problem being stated by another member 
in the hope of getting some concern and com- 
mitment about his problem in return. 

It becomes apparent that the process of 
problem definition that is an inherent part of 
the consultancy role does not essentially in- 
volve modelling an objective reality but does 
entail identifying whose reality is to be 
attended to. It is a matter of choice for the 
consultant. This choice does not usually result 
in the exclusive attention to one individual 
rather than others, but rather a choice about 
some mixture which will often reflect the con- 
sultant’s understanding of power and influence 
in the group. We maintain that this choice is 
very often not made with the care that is 
required if the consultant wishes to satisfy the 
needs of any particular client group or simply 
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himself. The implication for practice is the 
recognition that problem definition involves 
negotiation between individuals with different 
realities, and like all negotiations different in- 
terests are represented and different power 
bases apparent. One of these interest groups 
is usually the OR department who have sur- 
vival needs, ideological commitments, and in- 
ternal politics—these are very much part of the 
mental schema of the internal consultant and 
will thus affect his construction of reality. Thus 
we are suggesting that problem definition must 
be recognised as a choice activity which in- 
volves a form of negotiation between indivi- 
duals with different interests and power and 
most particularly that this part of the practice 
of OR has important consequences for the like- 
lihood of the consultant being successful in 
doing whatever he wishes to do. 


DOUBLE BINDS AND BLUFFS 


Stemming from the notion that problems are 
defined by persons for themselves there is a 
further area that must be considered; that is 
that if a person is defining a problem, it will 
be defined in terms of his world and his experi- 
ence and what matters to him, and this may 
include personal factors which are not usually 
regarded as legitimate topics to mention within 
the organization [20]. 

It seems that quite often, we, as consultants, 
can find ourselves in a bluff position: “I know 
that you want me to do so-and-so because of 
such-and-such, and you know that I know, but 
you are not going to tell me because the ‘rules’ 
say you can’t”. The recognition, by the consul- 
tant, of this bluff can be an essential ingredient 
in a successful consultant-client relationship; 
good OR consultants often do this implicitly. 
Indeed it may be that we have to recognise 
these features of the situation implicitly simply 
because if we were to do it explicitly then we 
are displaying to ourselves our involvement in 
an ‘illegitimate’ or normatively unacceptable 
activity. However as we have been seeking to 
demonstrate there are good reasons why these 
norms seem to be unhelpful for creating con- 
sultant—client interactions that can be satisfy- 
ing to either party. 

This form of analysis of the nature of prob- 
lems presents a difficult problem for the OR 
professional which is in the form of a double- 
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bind. If he wants to increase the probability 
of conducting inquiries that are relevant to the 
client and result in the client taking action that 
seems to be a consequence of those inquiries 
then he will need to pay attention to the 
unique and particularistic nature of the client’s 
problem. If he does this then he is possibly 
dissociating himself from what he considers to 
be the ‘needs of the organization’ which 
employs him. If he uses the relationship to 
further the ends of this entity, which he calls 
the organization, then he will soon destroy the 
likelihood of developing the necessary close 
relationship with clients. Typically this double- 
bind is ignored rather than consciously and 
deliberately considered, and this can only lead 
to a failure to take account of the likely out- 
comes of paying too much or too little atten- 
tion to particular interest groups. Alternatively 
he may maintain a relationship which is 
designed to solve only the problems that both 
the client and the consultant regard as organ- 
izationally legitimate. In this case either: he is 
constrained to working on problems where the 
power to define the problem and force action 
belongs to him (typical text book OR problems 
such as inventory control); or he stands little 
chance of helping the client with the problem 
the client owns, which thus creates a high 
probability of his experiencing disillusionment 
and seeing little action as a consequence of his 
inquiry. 

What does the realization of a double-bind 
such as the one elaborated above reveal? We 
consider it means that as a community of OR 
professionals there is a need to consider and 
reflect upon the nature of different roles for 
people with the model building and analytical 
skills that are the consequence of OR educa- 
tion or experience. Our arguments up to this 
point lead us to make some assertions about 
the ways in which it is possible for an opera- 
tional researcher to work within an organiza- 
tion so that his work has some effect. We see 
three different ways in which he may attempt 
to affect the actions of his client: 


(i) he may.attempt to coerce the client into 
using models and solutions devised by the 
operational researcher; 


(ii) he may attempt to develop empathy with 
_ the client, discover his definition of the 
problem, and help him devise a satis- 





Omega, Vol. 7, No. 2 123 


factory course of action to dispose of that 
problem; 


(iii) he may behave as we have suggested the 
client’s colleagues behave, and negotiate 
with the client a redefinition of the prob- 
lem, and subsequently try to help him 
solve it. 


THE COERCIVE PARADIGM 


Consultants will often deny the possibility 
of coercive power for them to influence their 
client because, they say, the client can ignore 
their instructions or simply tell them to go 
away. We maintain, however, that the opera- 
tional researcher does have a measure of coer- 
cive power over his client, and that this power 
stems mainly from the rational-scientific aura 
that surrounds the consultant [27]. Opera- 
tional research may be seen by the client as 
offering proper, objective, scientific methods 
for understanding and then solving his prob- 
lems [15]. He does not expect fully to under- 
stand the techniques or the approach, but he 
is likely to go along with the belief that the 
application of ‘science’ and ‘reason’ must be 
a good thing [25]. So if the pedlar of science 
and reason suggests a formulation for a prob- 
lem and a solution to it, the client who ignores 
such advice and help may be seen by himself 
and his colleagues as a backwoodsman, kicking 
in the face of rationality. That the power of 
OR techniques appears to practitioners to be 
limited does not matter for this purpose; if the 
client’s perception inclines him to ascribe this 
power to the practitioner, he will behave as 
if this power existed. It is important to consider 
whether operational research is conducted fol- 
lowing a coercive paradigm of the type we have 
described. If so, we can expect that, for the 
reasons stated above, it will be unsatisfactory 
to all parties, leading, as it seems, to the solu- 
tion of problems which nobody ever had. 


THE EMPATHETIC PARADIGM 


The consultant may try better to get hold 
of the problem that has been defined by the 
client, and then help the client to solve that. 
We have suggested above some reasons why 
this may be more difficult than may have been 
thought. It seems unlikely that consultants 
knowingly fail to make the effort to grasp the 


problem defined by their client, but it also 
seems likely that many operational researchers 
have tried to grasp that problem while ignoring 
the organizational factors, as well as the sheer 
limitations on human communication, which 
tend to mean that they are given something 
other than the full problem definition of a 
client [23]. One of the major disincentives to 
following this path is that it requires some 
definite decision about who the client is. We 
have shown that each person will have their 
own definition of a problem, but while a group 
or a team may be able to produce a common 
wording for a problem definition, there are still 
likely to be differences in the private definition 
of that problem held by different members. 
Thus any consultant who wishes to help with 
the problem by exploring more fully the defini- 
tion of that problem held by his client has to 
decide who he shall regard that client as being, 
and how he shall relate to persons in the 
organization whom he does not regard as 
being his client. If this is made explicit, it is 
likely to sound, quite realistically, as if he is 
working on behalf of some person or group 
and potentially against some other person or 
group within the organization [13]. As we have 
noted previously, this may be unacceptable. 
Perhaps the greater problem with this 
approach is that it does demand a high degree 
of understanding by the consultant of the 
client’s problem definition. It may be difficult 
for the client to make the problem explicit to 
himself, let alone articulate it to another per- 
son. There must be some doubt about the prac- 
ticality of this approach. 


THE NEGOTIATIVE PARADIGM 


The consultant may attempt to negotiate, 
with whomever he has defined to be the client, 
a redefinition of the problem, in the same sense 
as the client’s colleagues may have negotiated 
a redefinition with him earlier. Indeed the con- 
sultant may conduct this negotiation with the 
client’s colleagues; it is not always easy to dis- 
cover which member of a work group had the 
problem in the first place. Indeed by the time 
the consultant arrives the problem may have 
been redefined in such a way that there is no 
longer any one owner. This approach takes 
more account of the consultant as a person 
with idiosyncratic beliefs and values, rather 





124 Eden, Sims—Problems in Consulting Practice 


than simply as a reservoir of problem-handling 
technology. Here it becomes legitimate for the 
consultant to seek a redefinition of the problem 
in such a way that it makes sense to himself. 
To do this he will need to be self-conscious 
about where his expertise does and does not 
lie, to be careful in his use of that knowledge, 
and particularly to be careful that he does not 
speak and behave in an expert manner when 
outside his field of expertise; otherwise he is 
still exercising coercive power. 

Let us consider more formally the most com- 
mon situation for an OR worker. An organ- 
ization employs a group of operational 
researchers who co-exist within an OR depart- 
ment. Their survival can never be totally 
assured for service departments are seen as the 
most easily dispensable. Their clients are likely 
to be a manager or a small group such as a 
project team. This situation suggests that the 
client owns some sort of problem which has 
been defined within the context of his 
world—his definitions of organizational needs, 
his political environment, his own needs and 
aspirations. The consultant is ready to prose- 
cute a role that reflects his own definition of 
organizational needs, his political environ- 
ment—in particular his departmental setting, 
his own needs and ethics. Neither of these 
entry points are known to the other, neverthe- 
less assumptions must be made and images 
constructed in advance. At the beginning of an 
interaction the client has an image of the role 
of the consultant and a set of what he may 
regard as realistic expectations [8]; these may 
be derived from past experience of OR consul- 
tants, from the journals, from the library book- 
shelf contents or from a knowledge of the edu- 
cation and experience of the consultant. The 
point is that there will be a set of expectations 
constructed that will affect the interaction 
because they are the self imposed rules that 
will be used for deciding what is legitimate and 
appropriate to discuss with the consultant. For 
example the client ‘knows’ that OR is to do 
with mathematical modelling, he knows that 
the last piece of work that the consultant did 
was for the fellow who runs the other division, 
he knows that the OR department is a part 
of head office—it is easy to see how this will 
impact on the selective presentation of the 
‘problem’ to the consultant. 

The problem will, of course, have features 


which may be represented mathematically; it 
is likely to involve inquiry that will reveal to 
the client something of the nature of the prob- 
lem the other division declared; it will not have 
features that could reflect badly upon the oper- 
ation of the manager’s domain in head office 
terms, probably the opposite; and yet it will 
all be made to seem to make good sense to 
the consultant as a potentially important prob- 
lem worth solving—for it is also likely that the 
client believes the consultant wants a problem 
that he can solve and make recommendations 
about. For the consultant’s part he has the 
context of the reality of the organization he 
has formed from working on other studies and 
he has a need to do something which can be 
acknowledged publicly by his colleagues and 
head office employers. The presentation by the 
client sounds like a legitimate ‘public’ problem 
which enables him to use those well structured 
skills contained by a systems frame of refer- 
ence—the art of establishing system objectives, 
system input and output, the harmonious ac- 
tivities of “object system and subject system” 
[29]—the model may not recognise the reali- 
ties of organizational life but then the client 
never stated these! The consultant has legi- 
timised his going off and inquiring, building 
a mathematical model, solving, and reporting 
recommendations. Clearly this is one course of 
action for the crude survival of the OR person. 
It is also clear that many potential gains are 
not realised by any of the interested parties 
(as Brewer demonstrated in his study), 
although many competent operational 
researchers cope with these subtle complica- 
tions intuitively. Our own enthusiasm is di- 
rected to making success within the profession 
less dependent upon intuition. Often intuition 
only enables the consultant to protect his 
rear, while all parties remain disillusioned with 
the consequences of his energy. Additionally 
the on-going enactment of this type of OR con- 
sultation reinforces the set of expectations 


clients have of the type of work OR people 
can and will do. 


THE KING IS DEAD, 
LONG LIVE THE KING? 


What we have said above has consequences 
for the practice of OR which are not easy to 
handle, but which are significant and should 
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not be avoided. We shall argue in the following 
sections that the contract which is made 
between an OR consultant and his client needs 
to reflect more realistic expectations. We shall 
also be arguing that the nature of problems 
and problem definition, as it has been outlined 
above, has implications for the relationship 
between the OR practitioner and his client as 
well as for the area to which that practitioner 
should be paying attention in his practice. We 
consider these consequences to be difficult to 
handle because each one of them has some 
major implications for the way in which practi- 
tioners go about the business of doing OR. The 
difficulty of handling these consequences is 
compounded by the fact that they are in terms 
of dimensions of thinking to which attention 
is not normally paid by operational 
researchers. In other words, we are not merely 
redirecting attention from one set of dimensions 
to another, but we are suggesting that extra (and 
for the operational researcher, unfamiliar) dimen- 
sions need to be taken into account, and such 


a suggestion must necessarily increase the com- 
plexity of OR. 


THE ROLE OF THE CONSULTANT 


The first area of consequences is for the kind 
of function which OR can be expected to fulfil. 
We see two major contenders for such a role; 
one is a kind of technician role, in which some- 
body else must be responsible for formulating 
the problem, for deciding which criteria of 
evaluation are significant, and the operational 
researcher is left with the role of providing the 
techniques to find and run data to fit these 
requirements from a repertoire of techniques 
which he carries with him. 

If the problems are complex ones, the com- 
munication between the person who has the 
problem and the operational researcher is com- 
plicated enough to make it difficult for the 
problem owner to be sure that the operational 
researcher is solving the ‘right’ problem, or that 
the way he is solving it is really taking into 
consideration the factors that the problem 





> Clark [14] offers a very helpful summary of the differ- 
ent role types operated by consultants in the context of 
action research, see Chapter 7. 


owner wanted to be taken into consideration. 
If there is a doubt in the problem owner’s mind 
about whether .the correct factors have been 
taken into account, he is unlikely to believe 
the solution to the problem, and if he does 
not believe the solution he will not act upon 
it. 

The alternative function or role for the oper- 
ational researcher takes him away from being 
involved in problem solution into a more gen- 
eral help role. In this role it will be his function 
to assist or enable his client in working with 
his problem, using all appropriate abilities and 
techniques at his command. However the prac- 
titioner must be prepared to negotiate from the 
client’s version of what he believes his problem 
to be, and the relationship which he believes 
to exist between the elements of the problem. 
In a help role, the practitioner will need to 
resist the temptation to collect data or to apply 
techniques which he would like to do, without 
the committed consent of the client. The opera- 
tional researcher will have to forgo the luxury 
of claiming a preemptive expertise in the solv- 
ing of problems. Against this we would argue 
that by taking a role of collaborative help 
towards the client, he is more likely to produce 
credible solutions to problems which the client 
actually has.° 


DISCOVERING A PROBLEM 


A significant early stage in the intervention 
process is that of developing an acceptable 
degree of empathy for the client. That is the 
consultant must become aware of the world 
as it looks from the standpoint of the client. 
An attempt to formally map aspects of the 
defined problem in the terms of concepts used 
by the client can be a successful introduction 
to the process of problem formulation. 

As we have said earlier, in many cases the 
client is either a group of persons or the initial 
problem definer has had to take his problem 
through a group before it has reached the con- 
sultant. This implies that the consultant will 
need skills for facilitating the negotiation of a 
substantially shared problem which reflects the 
power and interests of the members of a group. 
When a problem is stated as being that of a 
group of people, and is presented by a group 
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of people, two things must be considered. 
Firstly, the understanding of the problem 
becomes more complicated as the consultant 
has to take more perspectives into account. 
Secondly, the political situation underlying 
that problem and forming the background to 
the activities of the group at that time are of 
critical importance to the consulting activity. 
The consultant who fails to use group pro- 
cesses within the organization in which he is 
going to assist with data collection, is almost 
certainly depriving himself of his best but also 
his most complicated data. In addition the 
group is the most likely arena for whatever 
actions are instituted in order to deal with the 
problem. 

The third area of consequences has to do 
with the type of conceptual skills that the con- 
sultant needs for his work. Most forms of train- 
ing of OR practitioners impart a body of skills 
which is concerned with the construction and 
manipulation of explicit models of the prob- 
lem, and usually of technical and readily quan- 
tifiable aspects of the problem. From our dis- 
cussion above of the nature of problems we 
would suggest that, as well as more sophistica- 
tion in his choice of role and in the process 
of understanding the problem owned by the 
client the OR consultant could also play a less 
restricted part if he could construct his models 
to take account of more psychological and 
sociological factors. It is difficult to conceive 
of a consultant modelling for himself as simple 
a set of criteria, values and beliefs as those 
which he normally ascribes to a client. It seems 
likely that the operational researcher who 
wishes to become involved in complex issues 
of social and technical significance would make 
his work both more difficult and more effective 
if he had an anthropomorphic model of his 
client, and assumed his client to be a confused, 
semi-rational being like himself, with uncertain 
values and beliefs, and uncertain relationships 
among these values and beliefs. 

Additionally if the consultant does not pay 
explicit attention to power, or influence, or in- 
terpersonal processes in groups, or intra-per- 
sonal confusion, or conflict and competition 
between persons, then he will find himself, at 
least in the eyes of many clients, to have little 
to say and not much help to offer on those 
issues and problems which are the very stuff 
of organizational life [1]. 
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SOME BASES FOR DEVELOPING 
PROBLEM FORMULATION 
TECHNIQUES 


Our argument so far cannot lead us to any 
unique solution to the issues and problems dis- 
cussed [9]. Nevertheless we, like others in the 
field, have been actively searching for and 
experimenting with, techniques with which to 
make useful and relevant contributions to a 
client’s handling of the problems which he 
thinks are important. 

For some time we have been successfully de- 
veloping and using a set of techniques for get- 
ting to know about the significant aspects of 
the problem that is constructed by the client 
or client group. These techniques are, for the 
most part, centred on the outcome of an on- 
going interaction between consultant and 
client, where the consultant is seeking to make 
sense of and explore the ramifications of the 
qualitative and quantitative experiences and 
feelings the client has about his problem. They 
have been developed by combining a range of 
apparently disparate techniques. We have used 
‘construct grids’ derived from clinical psy- 
chology [6] to understand more about the 
complex system of qualitative objectives that 
underlie ill-structured problems [3,21]. This 
method of collecting data about preferred out- 
comes combined with methods for structuring 
and analysing the beliefs the decision-maker 
has about the causes and consequences of his 
problem usually lead to the explicit represen- 
tation, or map, of a formulated/structured and 
owned problem. This ‘cognitive map’ is the 
starting point for analysis, the development of 
an inquiry strategy, and the exploration of 
possible solutions—all of which can be under- 
taken with the assurance of commitment from 
the client. Cognitive mapping, which originates 
in the theory of directed graphs and has been 
exploited by political scientists [4], can also 
be used successfully in combination with 
Nominal Group Techniques and the Delphi 
technique [18] for facilitating the negotiation 
of an ‘owned’ problem when the client is a 
small group [22]. Further analysis opportuni- 
ties can often be developed by the conversion 
of cognitive maps into the causal maps used 
as the basis for System Dynamics simulation 
modelling [16]. 
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CLOSING REMARKS 


In our introduction we suggested that even 
though OR practice was often highly successful 
and development of “a more sound theoretical 
basis for understanding and reflecting upon the 
process of effective consulting” would enable 
many consultants who are currently anxious 
about their intervention style to become better 
and less disillusioned practitioners. We have 
attempted to illustrate some of the critical fea- 
tures we believe should be contained within a 
theoretical framework or heuristic which can 
guide the continuous and reflective develop- 
ment of theories of practice. We are therefore 
concluding with a plea that the OR community 
allow more time and energy for reflection in 
order to develop what Argyris and Schon call 
‘Theories in Action’ about professional practice 
[2]. 

For this to occur a high level of commitment 
to seeing this reflection as an everyday activity 
is necessary, for it is time-consuming to de- 
velop and test out theories-in-action. In addi- 
tion because we are not used to operating a 
new theory and understanding events with it, 
it will be more difficult and energy consuming 
to operate this theory than to operate one to 
which we are more habituated, because we will 
have to put conscious thought in to consider- 
ing the meaning, relationship and _ conse- 
quences of events under that theory. This time 
and energy is unlikely to show any immediate 
consequences visible to the practitioner’s col- 
leagues or superordiriates, and there is not 
likely to be any immediate incentive for an OR 
consultant to spend time this way unless he 
makes a deliberate decision to do so. If, how- 
ever, the OR consultant wishes to be an effec- 
tive helper to his client, it seems essential that 
he should reserve time and energy for con- 
tinuous development and improvement of his 
own theories and models about the organiza- 
tional as well as the technical contexts of his 
clients, and about himself as a person and as 
a theorist within those contexts. 
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The paper presents some results relating to the degree of disclosure of selected important items 
of information in company annual reports. The research involved deriving an index of disclosure 
and this was then applied to the annual reports of 100 stock exchange quoted companies. The 
general conclusion was that disclosure levels are very low and that there is a big demand for 
greater amounts of information to be released in annual reports. 


THE DISCLOSURE OF INFORMATION 
BY COMPANIES 


DURING THE 1970's there has been a growing 
interest and debate in the area of corporate 
financial reporting in the UK. For example the 
professional accounting bodies commissioned 
a study into the whole nature of financial 
reporting and this resulted in the publication 
of The Corporate Report [3]. Other studies 
have, for example, looked at the degree of 
understanding of annual reports by private 
shareholders [19], the degree of consensus 
about the usefulness of accounting data [17], 
and the impact of accounting information on 
share prices [15,16]. The purpose of the 
present paper is to add to the literature on 
financial reporting by examining the degree of 
disclosure actually achieved by British stock- 
exchange quoted firms. 

The research involved constructing a list of 
individual items that are, or could be, included 
in the annual report. Financial analysts work- 
ing for stockbrokers and investment insti- 
tutions were then asked to weight these items 
in terms of importance. A set of 100 stock 
exchange quoted companies was selected and 
their published annual reports were examined 
to see whether the items appeared. From this 
examination the extent of disclosure of each 
of the individual items was ascertained and the 


relationship between the importance of an item 
and the extent of its disclosure was measured. 

Similar studies, using disclosure indexes, 
have been undertaken in the USA, 
[9, 10,11, 12,23] and recommendations have 
been made as to how to improve the utility 
of the annual report data. For example, Buzby 
found that segmental reporting of sales turn- 
over and of income were deemed to be very 
important by financial analysts and that, in 
practice, very little such disclosure is being 
made by companies [9]. 


RESEARCH METHODOLOGY 
List of items 


The first step in the research design was to 
construct a list of items of information that 
appear, or could appear, in corporate annual 
reports. A review of the relevant literature, 
[5, 6, 8,9, 10, 12, 13, 14, 18, 21,23] was made in 
order to select the items to be included in the 
list. Although this is not an exhaustive list it 
does contain those items most frequently men- 
tioned in the accounting press as being useful 
for investors and bankers. A review of several 
recent company annual reports and discussions 
with various users of accounts was also used 
in order to refine the list. Finally the list was 
subjected to two criteria; the first is that the 
items should exclude those that had to appear 
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in annual accounts because of statutory regula- 
tions (e.g. Companies Acts)’. The reason for 
this criterion is that companies would almost 
certainly disclose this information. The second 
criterion is that the item was almost certainly 
bound to be present in a company. For 
example manufacturing firms (which make up 
the sample) engage in research and new 
product development and they can therefore 
publish a narrative summary covering this, if 
they so wish. Any companies which definitely 
did not have anything to do with the items 
were omitted. 


Importance of items 


Although we now have 48 items of informa- 
tion it is quite likely that some are of more 
importance to the users of accounts, than 
others. In order to take this into consideration 
‘importance’ weightings were attached to the 
items. This was done by sending the list of 
items to users of accounts and asking them to 
evaluate the importance of each item using a 
five point scale (see Appendix). Assigning the 
score of 5 meant the item was very important, 
the score of 4 meant it was important, the score 
of 3 related to moderately important items, the 
score of 2 related to slightly important, and 
the score 1 meant unimportant. 

The list was sent to a total of 120 financial 
analysts working for stockbrokers and invest- 
ment institutions. Forty-six replies were 
received which represents a response rate of 
38.3%. Although the response rate is quite 
reasonable when compared against other 
studies it is possible that there is some non-res- 
ponse bias (i.e. that the results from those re- 
sponding may not be truly representative of 
the whole population). To examine whether 
there was any significant non-response bias 





' A few items (e.g. numbers | and 2 in Table 2) were 
covered by the Companies Acts but they were included 
as the wording in the Acts is ‘loose’ (e.g. as respects mater- 
iality) and many firms do not comply. Additionally some 
items are included which are covered by Statements of 
Standard Accounting Practice (S.S.A.P.’s), published by the 
Accounting Standards Committee, and are therefore sup- 
posed to be reported on by companies. As some companies 
do not follow certain S.S.A.P.’s and as many S.S.A.P.’s are 
considered to be important by investors, these items have 
been included. 


? This contrasts with the USA, however, where Benjamin 
and Stanga [7] found that there were significant differences 
between chartered financial analysts and bank loan officers 
in their weightings of selected accounting items. 


TABLE 1. NON-RESPONSE BIAS: RESULTS OF f TEST 





Number of items 48 
Number of significant differences in mean scores* e 
Positive f statistics 24 
Negative f statistics 24 





* Where the 1 statistic was significant at the 0.05 level. 


present, a test suggested by Oppenheim [20] 
was employed. This involved examining 
whether the mean scores for each of the 48 
items for the first ten questionnaires returned 
were statistically different from the mean scores 
for each of the 48 items for the last ten ques- 
tionnaires returned. The results of the t-test, 
which examined for differences in group means, 
are shown in Table 1. As can be seen there 
were few significant differences and the signs 
of the t values were equally split between posi- 
tive and negative. Hence there is little signifi- 
cant non-response bias and this suggests that 
the results of the study can be generalized. 

The questionnaire containing the 48 items 
was sent to financial analysts as they are one 
of the major types of user of accounts and they 
are in a good position to evaluate the impor- 
tance of the items. Previous research has 
shown that the weightings applied by financial 
analysts were very similar to those applied by 
bank loan officers, who are another major type 
of user of accounts [17]?. Thus the results of 
the study would be similar even if the weights 
of bank loan officers were used in evaluating 
the importance of the items. 

A list of the 48 items and the weightings 
attached to them is shown in Table 2; the list 
has been prepared in the order of relative im- 
portance. The higher the score the greater the 
importance that that item should appear in the 
Annual Report. The ‘breakdown of sales and 
earnings by product lines, customer classes and 
geographical location’ proved to be the most 
important item to be disclosed and the ‘histori- 
cal summary of price range of ordinary shares 
in past few years’ proved to be the least impor- 
tant. 

As a general rule, historical accounting data 
tended to receive fairly high importance 
weightings. Forecasts of the future (e.g. forecast 
of next year’s profits and cash projections for 
the next 1-5 years) received ‘moderate’ to ‘im- 
portant’ scores—this suggests that financial 
analysts were placing some doubt on the accur- 
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acies of such forecasts. However, the mean 
scores and relative rankings of forecasts were 
higher than those found in the USA, 
[7,9, 10, 13]. 

The Corporate Report [3] recommended 
that a number of additional statements should 
be included in the annual report. These state- 
ments were included in the list of items (see 
items 18, 24, 30, 40, 41, 44, 45) and quite high 
scores were recorded for ‘statement of com- 
pany objectives’, ‘statement of value added’ and 
‘a statement of transactions in foreign cur- 
rency. Although few such statements have 
appeared in practice, financial analysts appear 
to be very interested in seeing such informa- 
tion. 

The provision of inflation-adjusted annual 
accounts as supplementary statements (as sug- 
gested by E.D.18, [4]) received a fairly high 
score. This contrasts with the USA where Ben- 
jamin and Stanga [7] and Chandra [13] found 
that very low weightings were attached to infla- 
tion adjusted accounts. 


Sample firms 


The disclosure index, made up of the 48 
items and their weightings, was then applied 


to a sample of the actual annual accounts of 
stock exchange quoted companies. The sample 
consisted of 100 manufacturing companies— 
these being the every 10th firm appearing in 
The Times 1000 largest companies [24]. If the 
tenth firm was not a manufacturing firm, then 
the next manufacturing firm was used. The size 
of the companies in the sample ranged from 
over £3,500 million in terms of capital 
employed to just under £1 million. Whilst these 
are the largest companies they are also the 
ones which most interest investors and hence 
adequate disclosure is perhaps more important 
for them. Annual reports for the 100 com- 
panies, released during 1976, were obtained 
and used as the data in the study. 


RESULTS 


The next stage of the analysis was to deter- 
mine the extent of disclosing the items by the 
100 companies. As explained earlier the items 
were thought to be present in every company 





3 The study analyzed 75 items of data including the 48 
used in the current study. 


and the study sets out to see whether the infor- 
mation is disclosed. The results of the analysis 
are set out in Table 2. Column 2 gives the 
weightings attached by financial analysts, and 
column 3 ranks these in descending order of 
importance. The number of firms receiving a 
zero for disclosure (i.e. they did not disclose 
the specific item in the annual report) is shown 
in column 4, and column 5 shows the number 
of companies who received the full score for 
disclosure (i.e. they did disclose the specific 
item). The average disclosure score for each 
item is given in column 6. Column 7 expresses 
the average disclosure score as a percentage 
of the maximum possible score; if this came 
out as 0 then it means the item was not being 
disclosed at all, if the figure came out as 1.00 
then it means all firms in the sample were dis- 
closing the item. Column 8 gives the ranking 
in terms of disclosure i.e. item 14, ‘discussion 
of the company’s results for the past year’ was 
the one which received the most disclosure in 
the sample. 

In general the results indicate that disclosure 
levels in the UK are very low. Only 8 items 
out of 48 were reported on by more than half 
the sample population, and 8 items were not 
reported on at all (this including some items, 
e.g. cost of sales, that were considered to be 
extremely important). On average only 19.75% 
of companies were reporting the individual 
items. It would appear that British companies 
do little more than disclose information that 
has to be reported because of legislation, prin- 
cipally the Companies Acts of 1948 and 1967, 
and the Statements of Standard Accounting 
Practice published by the Accounting Stan- 
dards Committee. The force of opinion for dis- 
closing some items of information (e.g. items 
18, 24, 30, 40, 41, 44, 45) has only recently been 
felt and hence companies may still be in the 
throes of formulating exactly how these items 
should be reported. Apart from this the major 
reasons for the lack of disclosure are likely to 
be, firstly, that finance directors, and to some 
extent their auditors, who are responsible for 
preparing accounts, may not be aware of the 
importance of some items for the users of 
accounts. This is borne out by a recent 
research study in the UK which showed that 
finance directors and auditors have greativy dif- 
fering views from financial analysts and bank 
loan officers on the importance of information® 
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[17]. This is unlikely to be the whole reason, 
for even if we substitute the finance directors 
weightings (see [17]) for the financial analysts, 
there is still a substantial shortfall in disclosure. 
This leads us to a second reason, namely that 
finance directors feel that the disclosing of in- 
formation, such as cost of sales and share of 
market,would be giving important data to their 
competitors which is not being reciprocated. 
The giving away of valuable data to competi- 
tors is a valid enough argument and therefore 
legal or quasi—legal (perhaps via the Account- 
ing Standards Committee) regulations may be 
needed to make greater disclosure compulsory 
for all. Of course such regulations would only 
apply in the UK and hence companies may 
be at a disadvantage with their international 
competitors who do not have extensive disclo- 
sure rules. 

The results are similar to those found in the 
USA by Buzby [9]. Buzby did in fact find large 
disclosure scores for some items but these 
tended to be those that have to be reported 
in the UK because of the Companies Acts 
regulations. For the 48 items included in the 
current study, Buzby also found very low dis- 
closure levels. 

Although the results are fairly self-explana- 
tory a number of features can be discerned. 
Firstly, items of information that are recom- 
mended to be shown by the professional 
accounting bodies, e.g. Statements of Source 
and Application of Funds [2], and Statement 
of Accounting Principles [1], receive high dis- 
closure levels. 

So far, few firms appear to have incorpor- 
ated inflation adjusted accounts in their annual 
reports even though this is considered to be 
quite important information by financial 
analysts. This disclosure shortfall may largely 
be due to the problems that have beset the 
Accounting Standards Committee in trying to 
establish a feasible and satisfactory method of 
inflation accounting. In due course, no doubt, 
inflation adjusted accounts appearing (at least) 
as supplementary statements will become the 
norm. This is evidenced by the willingness of 
management to refer to inflation when discuss- 
ing the performance and prospects of the com- 
pany (see item 34). 

Items that relate to supplementary state- 
ments recommended by The Corporate Report 
tended to receive lowish scores even though 


many of them do not contain information that 
is likely to be valuable to competitors. This 
lack of disclosure is likely to be the result of 
finance directors both thinking that the items 
are not important and that they have not had 
enough time to consider how to report such 
information. 

Items 32 and 29 relating to forecasts of the 
future received relatively high disclosure scores, 
although item 36, cash projections for the next 
one to five years, had a low score. The results 
contrast with the USA where forecasted data 
received both a low importance weighting and 
a low disclosure score. The fact that forecasted 
information is being given by many companies 
in the UK may suggest that the regulatory 
bodies, such as the accountancy profession and 
the Stock Exchange, should consider giving 
some guidelines as to their form and content. 

An important class of items are those relat- 
ing to the breakdown of expenses (items 3, 4 
and 5). These received extremely low disclosure 
scores, almost certainly because of the ‘giving 
away of information to competitors’ reaction. 
Because of this lack of disclosure, financial 
analysts and others will only be able to guess 
at the cost structure and cost-volume-profit 
profile of companies. 

An analysis was also made to see if an item’s 
perceived importance weighting was associated 
with its disclosure level. This was undertaken 
as it can be argued that companies only dis- 
close information if it is important and they 
omit data which is not of much value to the 
users of accounts. Spearman’s rank correlation 
test [22] was used to measure the association 
between the rankings of the importance 
weightings (column 3) and the rankings of dis- 
closure levels (column 8). The correlation co- 
efficient was 0.24. This indicates that there is 
little association between the importance of an 
item and the extent of its disclosure (similar 
conclusions were reached even when the 
finance directors’ weightings were substituted 
for the financial analysts’ weightings in the 
research design). 


CONCLUSION 


The object of the research was to measure 
the extent of disclosure achieved by stock 
exchange quoted British companies in their 
annual reports. It was found that disclosure 
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levels were very low with many items of infor- 
mation not being referred to at all. The vast 
majority of companies appear to report little 
more than what they have to under the Com- 
panies Acts. Two major reasons for the short- 
fall in disclosure were postulated, these being 
that financial directors were unaware of the im- 
portance of some items and hence they did not 
report, and to prevent competitors gaining 
access to, possibly important, operating data. 
The position as regards the first reason could 
be improved by greater publicity being given 
to the differences in the perceived importance 
of items between the preparers of accounts and 
the users of accounts—this could lead to 
greater and more relevant information being 
released by companies. The second reason may 
need legal or quasi-legal rulings to secure 
greater disclosure so that all firms, in Britain 
at least, are on an equal footing. A further 
analysis showed that there was little relation- 
ship between the importance of an item and 
the extent of its disclosure—thus the hypoth- 
esis that companies only bother to disclose’ 
information which is deemed to be very impor- 
tant is not upheld. The general conclusion from 
the research is that disclosure levels are very 


low and, that while there may be some demand 
for more simplified accounts, there is also a 
big demand by some users of accounts for 
greater amounis of information to be released 
in company annual reports. 
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APPENDIX 


The enclosed questionnaire lists items which could be 
presented in the annual report of a manufacturing com- 
pany. You are requested to examine each item and attach 
a weight to it reflecting how important you think it is 
that it appears in corporate annual reports. You should 
consider yourself as making a decision as to whether to 
invest in a firm. The weights to be used are 


where the item is very important 
where the item is important 

where the item is moderately important 
where the item is slightly important 
where the item is unimportant 


Please place your view of the importance weighting in 
the column headed ‘weighting’ opposite each item. Con- 
sider the firm concerned as being quoted on the United 
Stock Exchange and that each item is ‘material’ or signifi- 
cant. 

In assigning the weights remember that the reporting 
of each additional item of information involves a cost to 
the company. Please note that there is no requirement that 
you should assign an equal number of weights. 
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We consider a 2-hierarchal location-allocation problem when p, health centers and p, hospitals 
are to be located among n potential locations so as to minimize the total weighted travel distance. 
We consider the possibility of the referral of @ (0 < @ < 1) proportion of patients from a health 
center to a hospital. For a graph with certain properties, we extend the notion of a median of 
a graph to an hierarchal median set. We show how the 2-hierarchal location-allocation problem 
may be solved as a 2-hierarchal vertex median set problem. We formulate the problem as a 
mathematical programming problem, suggest five heuristic procedures to solve the problem and 
report some computational experience. Although we consider the hierarchal location-allocation 
problem with reference to a health care delivery system, the results of this paper have wide appli- 


cation. 


1. INTRODUCTION 


CONSIDER health care delivery systems in de- 
veloping nations. As most developing nations 
do not have enough financial resources and/or 
trained medical personnel to build and staff 
adequate health care facility in every town, 
hierarchal system of health care facilities has 
been recommended by several authors, e.g. 
Bryant [1], Fendall [4] and Gish [5]. An hier- 
archal health care delivery system may consist 
of health centers, hospitals, and medical 
centers. Such facility systems are generally suc- 
cessively inclusive. That is, in such a system, 
health centers provide primary care; hospitals 
provide primary care and some additional ser- 
vices; and medical centers provide specialized 
care in addition to services available at a hos- 
pital and a health center. Thus a patient who 
is not completely cured at a health center may 
be referred to a hospital or a medical center 
for treatment; and a patient who first goes to 
a hospital may be referred to a medical center, 
if necessary. A medical center is equipped to 
treat all cases. Navarro [11] reported a suc- 
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cessful implementation of such a system in 
Cuba. 


For a health care delivery system that con- 
sists of health centers, hospitals and medical 
centers, Schultz [13] gave a procedure to deter- 
mine the optimal service radius for each type 
of facility. This is equivalent to finding the dis- 
tance at which the per capita net social benefit 
and the per capita cost are equal to each other. 
For a homogeneous uniformly populated 
region, he used the central place theory to 
show that a repeating congruent arrangement 
of facilities is the optimal pattern. Schultz’ 
model is not a realistic representation of a 
practical location—allocation problem because 
his assumption of homogeneous uniform popu- 
lation is not valid in practice. Moreover, he 
does not consider referrals of the patients from 
a lower to a higher level facilities. The number 
of facilities of each type are also not specified 
in advance. 

For the same type of health care delivery 
system, Calvo and Marks [2] did not assume 
a homogeneous uniform population for the 
region. However, they assumed that the 
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patients at each population center can be 
divided into k(=3) groups according to their 
health care needs. They also did not allow for 
any referrals of the patients. They formulated 
the problem as a zero-one integer program- 
ming problem. They did not propose any 
special method, that exploits the structure of 
the problem, to solve it. 

In this paper, to keep the exposition simple, 
we consider a health care delivery system lo- 
cation—allocation problem that consists of p, 
health centers and p, hospitals among n 
(>p, + p2) potential locations when the objec- 
tive is to minimize the total weighted travel 
distance. (The extension to three types of facili- 
ties will appear later.) We allow the referral 
of 8 (0 < @ <1) proportion of patients from 
a health center to a hospital. We shall refer 
to this problem as a 2-hierarchal location-allo- 
cation problem. It may be noted that if the 
health care delivery system consisted only of 
health centers or only of hospitals, the problem 
would reduce to the well known p-median 
problem. Recently, Narula, Ogbu and Samuels- 
son [10] proposed an efficient algorithm to 
solve the p-median problem. 

In section 2, we extend the notion of a 
median of a graph to a hierarchal median set 
of a graph and show that the 2-hierarchal lo- 
cation-allocation problem can be analyzed as 
a hierarchal median set problem. We give a 
mathematical programming formulation of the 
problem in section 3. In section 4, we discuss 
various heuristic procedures followed by some 
computational experience and conclusions in 
sections 5 and 6, respectively. 


2. HIERARCHAL MEDIAN SET 


Consider a connected graph G that consists 
of n vertices indexed by i = 1,...,n. A weight 
W, is attached to a vertex i. Let d(r, s) be the 
shortest distance between any two points r and 
s in the graph. We associate a vertex with a 
population center and the length of the arc 
between two vertices with the shortest distance 
between the corresponding population centers. 
Let 6 proportion of patients be referred from 
a health center to a hospital. 


Definition 1 


A point {r°, s°} is a 2-hierarchal absolute 


median set of G if for any other set {r, s} 


“SY W,min {d(i,r°) + Od(r°, s), d(i, s°)} 


i=1 


< ¥ Wmin {d(i,r) + Od(r,s), d(i,s)}. 
i=l 


If {r°, s°} represents a vertex set, then a 2-hier- 
archal absolute median set is called a 2-hier- 
archal vertex median set. 


Theorem 1 


If a 2-hierarchal absolute median set of a 
graph G is restricted to the vertices and the 
arcs connecting the vertices, then at least one 
2-hierarchal vertex median set is a 2-hierarchal 
absolute median set. 

The proof of the theorem is given in Ogbu 
[12] and follows from the proof of Hakimi [6] 
for the absolute median of a graph. 

Thus a  2-hierarchal location—allocation 
problem of a health care delivery system that 
consists of one health center and one hospital 
is equivalent to a 2-hierarchal vertex median 
problem. 


Definition 2 
An ordered pair of sets {R,, S0,} is a 2-hier- 


archal (p,, p2) absolute median set of G if for 
any other ordered pair set {R,,, S,,} 


> WwW, min amin , (d(i,r°) + @d(r°,s°)), min d(i, | 
P r°eR® eS), s°eS), 


i=1 ERS 


min 
ER, .seS,, 


i=1 ite Pa 


< 3 W, min (d(i,r) + @d(r, s)), min di, of 


where R,, and S,, denote sets of cardinality 
p; and p2, respectively. 

If {R},, S9,} represent an ordered pair of 
vertex set, then a 2-hierarchal (p,, p2) absolute 
median set of G is called a 2-hierarchal (p,, 
P2) vertex median set. 


Theorem 2 


If a 2-hierarchal (p;, p2) absolute median set 
is restricted to the vertices and arcs of G, then 
at least one 2-hierarchal (p,, p2) vertex median 
set is a 2-hierarchal (p;, p2) absolute median 
set. 

The proof of the theorem is given in Ogbu 
[12]. A 2-hierarchal location—allocation prob- 
lem of a health care delivery system that con- 
sists of p,; health centers and p. hospitals is 
equivalent to a 2-hierarchal (p,, pz) vertex 
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median problem. By theorem 2, a 2-hierarchal 
(p;, P2) median set can be obtained by evalu- 
ating n!/[p,! p2!(n — p, — p2)!] possible vertex 
combinations. This can be a very large com- 
binatorial problem. The enormity of the prob- 
lem can be appreciated by comparing the 
number of vertex combinations of a 2-hier- 
archal (p,, p2) median problem to an equival- 
ent p-median problem. 

(Pi + P2)! 


P,!P2! 


This ratio is 


3. PROBLEM FORMULATION 


Consider the location-allocation problem of 
p, health centers and p, hospitals among n 
(>p; + p2) population centers such that the 
total weighted travel distance is minimized 
when @ proportion of the patients at a health 
center are referred to a hospital. 

For given facilities locations, the optimal 
allocation of patients to the health facilities, 
when the facilities are uncapacitated, is a 
simple weighted path problem. The optimal 
allocation of patients to the health facilities is 
as follows: 


1. For each population center i with no 
health facility allocate the patients to a health 
facility such that the travel distance is mini- 
mum of the travel distance to the nearest hos- 
pital and the expected travel distance to a hos- 
pital via a health center. 


2. For each location 7 with a health center 
allocate the referred patients to the nearest 
hospital. 


3. For each location i with a hospital, allo- 
cate the patients to the hospital. 


From the preceding (optimal) allocations, it 
is clear that it may be optimal to allocate 
patients to a health facility other than the near- 
est facility even when the facilities are uncapaci- 
tated. 

In the mathematical programming formu- 
lation of the capacitated 2-hierarchal (p,, p>) 
median problem we shall use the following 
notation: 


W, = number of patients at location i, 
Xj;' = number of patients at location i, with 
no facility, allocated to location j 
with a health center, 


X?? = number of patients at location i, with 
no facility, allocated to location j 
with a hospital, 
number of patients at location i, with 
a health center, allocated (referred) to 
location j with a hospital, 

{ 1, if a health center is located at j, 
0, otherwise, 

{ 1, if a hospital is located at j, 
0, otherwise, 

= number of health centers, 
number of hospitals, 

= fraction of patients at a health center 
referred to a hospital, 0 < @ < 1, 

= capacity of a health center, 
capacity of a hospital, 

ij = Minimum travel distance between 
locations i and j. 
The objective is to minimize the total weighted 
travel distance. 
min J y dy (X9! + X92 + X}2), 
i=1 j=1 

Subject to: 

The patients at each population center are 
allocated to a health facility. 


> (Xf) + XP?) = Wi 


A jj is 
j=1 


ae n. (1) 
A fraction @ of the patients allocated to a 
health center at i are referred to a hospital. 
yx =0 5 Xo i 


j=l j=l 
i#j 


“3 Eee n. (2) 


Health center allocations are made only to 
locations with health centers 


> ee oF}. fo bec; n. (3) 
1 


Hospital allocations are made only to locations 
with hospitals. 


Exactly p, health center locations are selected. 
> Yj =p. (5) 
1 


Exactly p, hospital locations are selected. 
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Each location can have at most one facility 


Yi+Y¥7<1, jol,....m. (7) 


O< XP <W: 0< X77? <W;: 0< Xi < OC, 


Y!=Oorl; Yj =0or1. 

This is a mixed integer programming (MIP) 
problem with 2n zero—one integer variables, 
3n? continuous variables and 5n+ 2 con- 
straints. To solve the problem as an uncapaci- 
tated problem, we simply make C! and C? suit- 
ably large. 


4. HEURISTIC METHODS 


Although the problem can be solved by any 
of the available MIP codes, this is not advis- 
able as the problem size is large even for a 
moderate value of n. Since we can restrict our 
search for an optimum solution to the popula- 
tion centers only (theorem 2 section 2), we pro- 
pose the following five heuristic procedures: 


Forward p-median heuristic 


First we solve a (p, + p2)-median problem. 
These p; + p2 medians (locations) are used to 
locate the health centers and hospitals. The 
rationale is that we expect a median (location) 
in the 2-hierarchal median set to be a median 
in the (p,; + p2)-median problem. Next, we use 
the p, +p, median locations to solve a 
p2—median problem. These p, medians are used 
to locate hospitals and the remaining p, 
medians (of the p,; + pz medians) to locate 
health centers. The rationale is that the p, 
medians are the most important with regard 
to minimizing the total weighted travel dis- 
tance, and hence should be used to locate hos- 
pitals. This procedure was first proposed by 
Harvey, Hung and Brown [7] for 6 = 0. We 
modify the procedure to introduce 6 as follows: 

Let N denote the set of population centers, 
ie. N= {iji=1,2,..., n\. First solve a 
(p, + p2)-median problem. Let V,,, 4 ,,) denote 
the p, + p, medians and let 


F (i) = jieN lay = min dy} 
JEVip,+py 


i.e. F (i) is the set of population centers for 
which j is the absolute median. For a location- 
allocation problem, F (i) is the set of popula- 
tion centers served by a facility at j. For every 
jeV 


Pit p2y 
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compute 


ieF (i) 


Solve a pz-median problem in the p, + p, 
median locations using the weights in (8). The 
P2 hospitals are located at these p, medians 
and p, health centers are located at the remain- 
ing p; median locations. 


Backward p-median heuristic 


This procedure takes a reverse approach to 
that of the forward procedure. First, we solve 
a p2-median problem. These p, medians are 
used to locate hospitals. Next, we solve a 
P;-median problem for the points not in the 
P, medians. These p, medians are used to 
locate health centers. 


Add heuristic 


The add heuristic described here is essen- 
tially an extension of the add heuristic of 
Kuehn and Hamburger [8] for k = 1, i. the 
p-median problem. The procedure essentially 
is to select one facility location at a time until 
all the facility locations have been selected. For 
a 2-hierarchal (p,, p2) median problem, one can 
devise a number of add heuristics. However, 
we used the following procedure: select one 
location at a time for a hospital using other 
locations as health centre locations, until p, 
locations have been selected. Then select one 
location at a time for a health center, until p, 
locations have been selected. 


Drop heuristic 


This heuristic is essentially an extension of 
the drop heuristic of Feldman, Lehrer and Ray 
[3] for the p-median problem and takes a 
reverse approach to that of the add heuristic. 
The procedure is similar to the drop heuristic 
proposed by Scott [14] for the factory, ware- 
house and retail-outlet location—allocation 
problem. 

The procedure starts with the assumption 
that a health center and a hospital exist at each 
location. One hospital is dropped at a time 
using other locations for health centers until 
P2 hospitals are left. Then one health center 
is dropped at a time until p, health centers 
are left. - 
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Greedy interchange heuristic 


This heuristic starts with any p, locations 
for health centers and p, locations for hospitals 
and then seeks to improve upon the solution. 
An improvement may be achieved by an inter- 
change between a facility location and a non- 
facility location and/or a switch between a 
health center and a hospital location. This pro- 
cedure is essentially an extension of the well 
known heuristic proposed by Tietz and Bart 
[15] for the p-median problem. However, an 
important difference between the two pro- 
cedures is the criterion used for the inter- 
change. 

Let Zi, (s = 0, 1 and t = 1, 2) be the im- 
provement, if any, obtained by substituting 
(intrachanging/interchanging) a type s facility 
at location i for a type t facility at location 
j (s =0 means no facility). For each i, Tietz 
and Bart retain an interchange for max Zj. 
This criterion is similar to the variable selec- 
tion criterion used in the simplex algorithm. 
Our criterion is to retain an interchange 
whenever Zj is strictly positive, ic. whenever 
an improvement can be obtained. Because of 
this criterion, we call our procedure greedy 
procedure. This criterion is similar to a 
chronological selection of variables in the sim- 
plex method. The motivation for the greedy 
heuristic was primarily computational. 

Observe that these heuristic procedures pro- 
vide an upperbound Zy on the solution. 


6. COMPUTATIONAL EXPERIENCE 


To gain computational experience with the 
proposed procedures a few generated problems 
were solved by the Forward p-median Heuris- 
tic, the Backward p-median Heuristic, the Add 
Heuristic, the Drop Heuristic, and Greedy 
Interchange Heuristic. The Forward and the 
Backward p-median Heuristics use the 
p-median algorithm given in Narula, Ogbu, 
and Samuelsson [10]. Five problems of each 
size (n, Py, P2, 8) were generated. The W, were 
uniformly distributed between 1 and 20, and 
the coordinates of the demand locations were 
uniformly distributed between 1 and 200. 

To compare the quality of upper bounds Zy 
provided by the proposed heuristic procedures, 
we need a standard of comparison. However, 


. In the absence of an obvious standard—opti- 


mal solutions to the problems, we compared 
the upper bounds to a lower bound Z,. The 
lower bound was obtained by solving the 
lagrangean relaxation of the problem by a sub- 
gradient optimization procedure. (The details 
of this procedure are given in Narula and 
Ogbu [9].) To compare the heuristic pro- 
cedures in terms of the quality of the solution, 
for each heuristic we computed R = (1 — Z,/ 
Zy) 100, the percentage difference between the 
upper and the lower bounds. Table | gives the 
average values of R for various heuristics and 
problem sizes. Thus in terms of the quality of 
upper bounds, the heuristics can be arranged 


TABLE 1. AVERAGE PERCENT DIFFERENCE BETWEEN AN UPPER BOUND AND A LOWER BOUND 





Greedy 
interchange 
heuristic 


Back ward 
p-median 
heuristic 


Forward 
p-median 
heuristic 


Add 
heuristic 


Drop 
heuristic 
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TABLE 2. AVERAGE COMPUTATIONAL TIME* (CPU SECONDS) 





Greedy 
interchange 
heuristic 


Forward 
p-median 
heuristic 


Back ward 
p-median 
heuristic 


Add 
heuristic 


Drop 
heuristic 





0.09 
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in order of decreasing perference as: (1) Greedy 
Interchange Heuristic, (2) Forward p-median 
Heuristic, (3) Add Heuristic, (4) Backward 
p-median Heuristic, and (5) Drop Heuristic. As 
expected, the percent difference R decreases as 
@ decreases. 

The average computational times required to 
solve a problem by the five heuristic pro- 
cedures are given in Table 2. In terms of the 
computational time required, the methods can 
be arranged in a decreasing order of preference 
as: (1) Forward p-median Heuristic, (2) Back- 
ward p-median Heuristic, (3) Add Heuristic, (4) 
Greedy Interchange Heuristic, and (5) Drop 
Heuristic. 


7. CONCLUSIONS AND REMARKS 


The hierarchal nature of facility systems has 
been only marginally considered in published 
research on location problems. We have high- 
lighted the importance and relevance of this 
feature in such problems. 

For a class of hierarchal systems, we have 
discussed and formulated the problem in re- 
lation to a health care delivery system that 
consists of health centers and hospitals. From 
among the five heuristics proposed, we recom- 
mend the Greedy Interchange Heuristic and 
the Forward p-median Heuristic procedures in 
terms of their quality of upper bounds and the 


computational times required to solve a prob- 
lem. 

Although we have discussed the problem in 
relation to a health care delivery system, the 
results of this paper are applicable to a number 
of other systems with similar features. Some 
examples of other such systems are: higher 
education (4-year colleges, universities), banks 
(drive-ins, branch offices), post offices (drug 
store outlets, regional branches). 
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Solving the Two-Stage Cutting Stock Problem 
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This paper describes an important class of cutting stock problems not previously discussed in 
the literature. The problem is one of determining the patterns to be used in a two-stage cutting 
process with restrictions imposed on the locations of cuts in the first stage. A particularly difficult 
version of this problem frem the plastic film industry is presented and solved. 


INTRODUCTION 


OVER THE past 20 years, a substantial amount 
of work has been done on one and two-dimen- 
sional cutting stock problems. A number of 
early authors [1, 6-8] recognized that the roll 
trim problem in the paper industry could be 
formulated as a linear programming model. 
The pioneering computational work by Gil- 
more and Gomory [2,3] on delayed pattern 
generation techniques made it practical to find 
linear programming solutions to large one- 
dimensional problems. Follow-up research by 
Pierce [9] focused on the use of this algorithm 
in the paper industry to solve the roll trim 
problem. Gilmore and Gomory [4] subse- 
quently extended their work to higher dimen- 
sional problems such as the cutting of rec- 
tangles from rectangles, a common problem in 
the glass industry. They overcame the difficulty 
of generating patterns in higher dimensions by 
limiting themselves to patterns with guillotine 
cuts (once a cut is begun it must be continued 
through to the other side of the material in 
a straight line). As a result the problem of 
generating a higher dimensional cutting pat- 
tern can be handled by sequentially solving a 
number of one-dimensional problems. Their 
multi-stage approach in the two-dimensional 
case focuses first on cutting patterns for strips 
of known width and length and then on ways 
these strips can be combined to form two- 
dimensional patterns. 
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In a number of industries, such as paper and 
film, there is an important class of problems 
that falls in between the well known one and 
two-dimensional problems. These are referred 
to here as two-stage cutting stock problems 
because the material is processed through two 
distinct cutting operations. It differs from the 
multi-stage cutting problems discussed by Gil- 
more and Gomory because the first and second 
stage cuts are parallel to one another. This 
problem has not been discussed in the litera- 
ture even though it occurs in a number of in- 
dustries. This two-stage cutting may be necess- 
ary because of the nature of the production 
process and the type of equipment available 
or to give flexibility so that orders that vary 
in some characteristic other than width can be 
combined across the width of the primary pro- 
duction process. Regardless of the reason, pro- 
duction rolls are first slit into master roll 
widths at the first stage and the master roll 
widths are then slit to the ordered sizes at the 
second stage. Limitations in the master roll 
sizes that can be processed at the second stage 
make it necessary to impose additional restric- 
tions on the pattern generating process relative 
to the well known one-dimensional roll trim 
problem. 


GENERAL PROBLEM 
CONSIDERATIONS 


Consider the production process sketched in 
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Fic. 1. Material flow for two-stage cutting stock problem. 


Fig. 1. Let W be the width of production rolls 
available to fill a known set of order require- 
ments for rolls of some product. In the first 
cutting operation the production rolls are cut 
to obtain master rolls. After some additional 
processing these master rolls are cut to obtain 
the required roll sizes. These downstream oper- 
ations place limits on the widths of the master 
rolls to be cut at the first stage. The problem 
is to specify how to cut the production rolls 
and resulting master rolls to meet the order 
requirements at minimum cost. If the produc- 
tion rolls could be cut in a single operation 
to obtain the required roll sizes, this would be 
a one-dimensional trim loss minimization 
problem. It is the size limitations imposed by 
the master roll processing operation as well as 
the costs incurred at this operation that make 
this problem unique. 

Any cutting stock problem can be formu- 
lated as a trim loss minimization problem as 
follows: 

min x, 
LpAipXp = R; all i 
xp 20 
where 

x, is the usage of pattern p. 

A;, is the number of times size i appears in 
pattern p, 
and 

R; is a measure of the required quantity for 
size i. 

The differences in cutting stock problems 
can be seen only by defining what constitutes 
a feasible cutting pattern. In the one-dimen- 
sional problem with order sizes W, for 
m, solved by Gilmore and Gomory, 


a cutting pattern is a set of values A;, for 

j m that satisfy the following con- 
ditions 

LjAipW; < W (4) 

A, > 9, 


Ney % 
In the two-stage cutting problem considered 
here the A;, must satisfy (4) and (5) but also 
must be able to be partitioned into elements 
Ai», which satisfy the following conditions 


integer. (5) 


Aip = XyAipx for all ip (6) 


LiAip,.W, < WM, for all k, (7) 
Ai 20, integer (8) 
where 

Aix is the number of times sizes i appears 
in master roll k for pattern p 
and 

WM, is the maximum width of master roll 
k. 

In short, each pattern for the full width of 
the production roll can be thought of as defin- 
ing a cutting stock problem with the master 
roll sizes defining the stock sizes available. This 
embedded cutting stock problem must have a 
feasible solution in order for the cutting pat- 
tern to be admissible. For example suppose 
that W, the maximum production width, is 200 
inches and that each production roll must be 
slit into two master rolls neither of which can 
exceed 110 inches. A pattern containing eight 
25-inch rolls is satisfactory because two master 
rolls each containing four 25-inch rolls can be 
cut. However, a pattern containing seven 
28-inch rolls would not be acceptable if only 
two master rolls are to be cut because four 
times 28 is more than 110. If more than two 
master rolls can be cut, this pattern could be 
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used. However, the cost of processing three 
master rolls may make this pattern less desir- 
able than one with the same trim loss that 
requires only two master rolls. 

In addition to the above pattern restrictions, 
there may be additional differences relative to 
the one-dimensional roll trim problem. In 
some cases the first cutting operation may be 
done in such a way that the master rolls that 
are made side by side need not be the same 
diameter. This permits the possibility of com- 
bining orders of different diameters in the same 
pattern. In other cases, the master rolls may 
eventually be processed into sheets and there- 
fore there may be some flexibility in determin- 
ing the diameter of the master rolls and the 
diameters used may differ from pattern to pat- 
tern. Under these circumstances the second 
dimension of the order (i.e. roll diameter) does 
come into play and takes the problem beyond 
the one-dimensional problem. However, it is 
not really a two-dimensional problem because 
the length dimension of the stock size is not 
fixed. The handling of these considerations will 
differ from application to application. This will 
be demonstrated more fully in the film slitting 
problem described below. 


FILM SLITTING PROBLEM 


A particularly interesting example of a two- 
stage cutting stock problem is found in the 
plastic film industry. In this case the film is 
slit at the end of the extruder on which it is 
formed. By slitting on the extruder the master 
rolls produced are independent of one another 
along the length of production, and therefore 
can be produced at different diameters. The 
master rolls are then taken immediately to the 
second stage slitters where they are slit to the 
ordered widths. The width capacity of the 
second stage slitters limits the master roll 
widths that can be produced. 

Because the master roll diameters can be 
separately controlled, it is possible to consider 
problems that have mixed diameters or lineal 
footage requirements. This cannot be done in 
one-dimensional trim problems. The only re- 
quirement is that the orders to be slit from 
any master roll must all be of the same dia- 
meter. This simply puts an additional restric- 
tion on the conditions a pattern must satisfy 
to be feasible. The price that must be paid to 


obtain this flexibility with master roll dia- 
meters is that the process must be shut down 
to change the slit point setting. This introduces 
a fixed charge that is incurred each time the 
master roll widths must be changed. 

Note that it is possible to generate scrap 
along the length of production as well as across 
the width. Suppose that 100,000 feet of film 
is to be produced for one slit point setting on 
the extruder. On one side of the slit point it 
is possible to produce five master rolls each 
of which has a length of 20,000 feet. Suppose 
that on the other side of the slit point the mas- 
ter rolls required must have 16,000 feet of 
material. Only six of these can be produced 
and there will be 4,000 feet of material left over 
that must be scrapped or held in inventory un- 
til some use can be found for it. 

To formulate this problem let 


W; be the roll width order i 

L; be the lineal footage for each roll 
for order i 
be the lower bound on the rolls 
required to satisfy order i 
be the upper bound on the rolls 
required to satisfy order i 
be the width of the extruder 
be the maximum width for master 
roll k 
be the value of a unit area of trim 
loss 
be the cost of shutting down the 
extruder to change the slit point set- 
ting 


The problem is to produce the order require- 
ments within the tolerances specified, at a mini- 
mum combined cost of trim loss and down- 
time. The problem can be formulated mathe- 
matically as follows: 


min C,(WZ,X, — £,¥,LiW,) + C.E,4(X;) (9) 
subject to 


RL, < Y¥, < RU; for alli, 


¥,=EZ,L,AiaplXpp/Li] forall i, 


X,22,X 


j22,X, for all j and k, 


and 


> 0 


i (13) 


where the remaining symbols are defined as 
follows: 
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Y,—number of rolls produced for 
order i. 

X ;—number of feet of production for 
the jth set of master roll widths. 
(A set of master roll widths is 
determined by the slit point set- 
ting at the extruder. 


(X ;) = 1 if X; > 0, 0 otherwise 


Ai j,xp—number of times order i appears 
in pattern p for master roll k and 
slit point setting j. 

X jxp—number of feet of production of 
master roll k processed according 
to pattern p for slit point setting 
j. 

[X jxp/L:]—largest integer less than or equal 
to X j,p/Li- 


To aid in the discussion, let Z, be the width 
of master roll k for the jth set of master roll 
sizes. It follows that: 

EZ, = W forall j, 
Zix > WM, 


(14) 
(15) 
(16) 


for all j and k, 
LiAijnpWi < Z jx 


iAijnpW; < for all j, k and p, 
and 
Aijxp = 9, 


integer (17) 


This formulation contains some extreme 
combinatorial aspects and is far beyond the 
capability of currently available optimization 
procedures. Therefore attention is directed 
toward the problem of finding ‘good’ feasible 
solutions. The primary objective is to develop 
a procedure that generates better solutions 
than are obtainable by currently available 
manual methods. Although the mathematical 
model can not be solved for an optimal solu- 
tion, it does provide a basis for testing solution 
feasibility and evaluating solution quality re- 
gardless of how the solution is generated. 


SOLUTION PROCEDURE 


A computer program that employs a number 
of heuristics in conjunction with a linear pro- 
gramming algorithm was developed to solve 
this problem for a film producer [5]. A detailed 
description of the solution procedure follows: 


1. Compute the total lineal footage for each 
order. 


(18) 


This then becomes the required quantity in 
a linear programming problem. 


minimize 2,X, (19) 
(20) 


(21) 


subject to £,A,,X,=F; for i=1...m, 
X,20 
where 
X ,—number of feet of production to process 
using pattern p. 
A,,—number of times size i appears in pat- 
tern p. 


2. Solve the problem given above using a Gil- 
more-Gomory [1,2] type linear programming 
algorithm. This algorithm is based on the prin- 
ciple of delayed pattern generation. All possible 
patterns are not generated at the outset. Pat- 
terns that will improve the solution are gener- 
ated as needed by solving an associated prob- 
lem to find that pattern that will give the great- 
est incremental improvement. This pattern 
generation process is restricted such that only 
patterns that can be partitioned to meet the 
slitter width and length restrictions are con- 
sidered. This insures solution feasibility across 
the width of the extruder. A feasible cutting 
pattern in a classical roll slitting problem can 
be defined by elements A;, such that: 


=A, pW; < W (22) 


Aj, = 0, integer (23) 


In, this case, the A;, must also be partitioned 
into elements A,,, the number of times size 
i appears in master roll k for pattern p. The 
following restrictions must be met: 


(24) 
(25) 


Ly Aikp = Aip all i and Pp 
LiAinpWi < WM, all k 


In addition, because of slitter limitations, all 
the orders contained in a master roll pattern 
must have the same lineal footage. 

The solution to the linear programming 
problem minimizes the trim loss and the re- 
quirements in terms of footage, F;, for each 
order are met exactly. However, this solution 
is generally of no use because it usually will 
require a substantial amount of splicing to 
obtain rolls of the desired lineal footage. In 
most situations, splicing is not even allowed, 
therefore the pattern production quantities 
must be determined for each master roll pat- 
tern as multiples of the lineal footage of the 
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involves finding the slit point settings and 
grouping the patterns that can be produced at 
the same setting. 


3. Determine the number and location of the 
slit point settings for the patterns found in 2. 
This can be done by computing the minimum 
and maximum possible width for the widest 
master roll in each pattern, finding the smallest 
of the maximums, and taking that as a slit 
point setting and assigning as many full width 
patterns as possible to that setting. The mini- 
mum and maximum widths will not be the 
same if W > 2,A;,W,, there is trim loss in the 
pattern. This procedure is repeated until all 
patterns are assigned to a setting. At this point 
X, becomes X ;,, where j identifies the slit point 
setting. This procedure will give the minimum 
number of settings when there is only one slit 
point at the extruder. When there is more than 
one slit point, the procedure must be applied 
to each slit point. It is no longer possible to 
guarantee that the minimum number will be 
found. 


4. For each master roll width in each pattern, 
find a length that will yield an integer number 
of rolls. This is done by dividing X,;, by L,, 
the length of the orders in that master roll and 
rounding to the nearest integer. Now X;,, 
becomes X j,, where X ;,, is an integer multiple 
of the order length that is being made in that 
master roll pattern. 


5. Compute the total length for each master 
- roll setting. 


(26) 


X;= max (£)X xp) 


and compute the number of each size roll that 
is being produced. 

At this point, there are three potential 
difficulties with the solution. 

(a) The amount produced for an order may 
be less than the lower bound of the require- 
ment as a result of step 4. 

(b) There may be excessive trim loss along 
the length for a given master roll width. The 
unused portion of master roll k for slit point 
setting j is X; — LX jp. 

(c) The solution may involve too many slit 
point settings. 

These three potential problems are handled 
as follows: 


6. Increase the production length of the first 
master roll pattern found that contains a size 
for which the production quantity is insuffi- 
cient to meet the lower bound, provided that 
it does not cause some other item to be pro- 
duced at a level above its upper bound. This 
process is repeated until either all the items 
fall within the production limits or until no 
further progress can be made. Each time the 
length of a master roll pattern is increased, the 
values of X ; and X ,, must be changed accord- 
ingly. 


7. Check each slit point setting to determine 
if there is a significant length of unused mater- 
ial for any master roll. If there is a loss for 
master roll t, do the following in the order 
given. 

(a) Reduce the usage X,,, of patterns for 
master rolls k #t to reduce the £,X,, and 
thereby be able to reduce Xj. This reduction 
is done only if the order requirements are not 
violated. 

(b) Increase the usage X ;,, of some pattern 
for master roll k = t to make use of the unuti- 
lized material. Once again this is done only 
if the upper bound for each order is not vio- 
lated. 


‘At this point a feasible solution should have 


been found, and the only question remaining 
is whether it is economically desirable to 
reduce the number of slit point settings. Reduc- 
ing the number of slit point settings will gener- 
ally increase the trim loss (it cannot reduce the 
trim loss except for differences due to round- 
ing). The issue is whether or not the increase 
in trim loss is less than the gain in production 
obtained by eliminating a slit point change. 


8. Determine the slit point setting which has 
the lowest usage X;. Eliminate it from the set 
of slit point settings than can be used during 
the next solution to the problem. This can be 
done by specifying a set of maximum master 
roll widths Z;, such that: 


2,Z), = W forall j (27) 


The entire problem is then resolved. The only 
difference is that step 3 can be eliminated. The 
patterns are assigned to one of the allowed slit 
point settings at the time they are generated. 
This process repeats until the increased cost 
of trim loss due to reducing the number of 
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orders scheduled. The first step in this process 
master roll settings more than offsets the de- 
crease in the cost of downtime made possible 
by reducing the number of master roll settings. 

The tradeoff between trim loss and down- 
time is handled by specifying the number of 
feet of production lost while changing the mas- 
ter roll settings. This is multiplied by W to find 
the area of production lost. This is then added 
to the actual trim loss to find the effective loss 
of a solution. 


EXAMPLE 


An example problem is given in Table 1. The 
extruder in this example is capable of produc- 
ing film with a maximum usable width of 124 
inches. The two second stage slitters that pro- 
cess the master rolls have maximum widths of 
76 and 55 inches. This means that as the film 
comes off the extruder it must be slit exactly 
once at a point that is within 76 inches of one 
side and 55 inches of the other so the resulting 
master rolls can be processed through the two 
second stage slitters. It is not possible to pro- 
duce two 62-inch width master rolls because 
they would both have to go the larger slitter 
and the slitter processing speed is not sufficient 
to keep up with the extruder under these con- 
ditions. 

The solution to this problem is presented in 
Table 2. The lost production of a slit point 
change was specified as 30,000 feet. The result- 


TABLE |. SAMPLE PROBLEM 





Production data 





Extruder width—124 inches 
Number of slit points—1 
Width of slitter 1—76 inches 
Width of slitter 2—55 inches 





Roll order requirements 





Quantity Width Lineal footage/roll 





55.0000 


arwaAWARHOBDS fw 





TABLE 2. PROBLEM SOLUTION 





Master roll widths 
1 75 inches 
2 49 inches 
Total Production—1,141,600 feet 
Yield—94.5% 





Master rou 1 engin = zu. 
l 55.0000 20000. 
l 17.8750 20000. 
Master roll 2 length 60000. 
2 24.5000 15000. 


Pattern 2 


Master roll | length 60000. 
l 55.0000 20000. 
l 18.2500 20000. 
Master roll 2 length 60000. 
I 39,0000 20000. 


Pattern 3 


Master roll | length 70000. 
2 36.50000 35000. 


Master roll2 length 60000. 
2 24.50000 15000. 


Pattern 4 
Master roll | 


18.2500 20000. 
Master roll 2 Length 15000. 
2 24.5000 15000. 
Pattern 5 
Master roll | length 120000. 
2 26.0000 10000. 


Master roll 2 —length = = 90000. 
2 24.5000 15000 


Pattern 6 
Master roll 1 length 720000. 
3 24.5000 15000. 
Master roll 2 length 735000. 
2 24.5000 15000. 


Pattern 7 


Master roll | length 60000. 
2 26.0000 10000. 
Master roll 2 length 61600. 
2 21.0000 15400. 

0 21.0000 15400. 


Pattern 8 


Master roll! length 60000. 
1 55.0000 20000. 
1 = 19,0000 = 20000. 


Master roll 2 length 60000. 
l 18.2500 20000. 
1 17.8750 20000. 


Pattern 9 


Master roll 1 length 10000. 
l 36.0313 10000. 
1 26.0000 10000. 


Master roll 2 
1600 feet of scrap 
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ing solution has only one slit point setting and 
an overall yield of 94.5% on scheduled produc- 
tion of 1,141,600 feet. There are 9 master roll 
patterns for the 76 inch slitter and 8 for the 
55 inch slitter. There are 1,600 feet of unutilized 
material on the master rolls going to the first 
slitter. This is treated as scrap. The master roll 
patterns are given in pairs to indicate the man- 
ner in which they were generated. The differ- 
ences in usage for corresponding master roll 
patterns indicates the amount of adjusting that 
is done to meet the order requirements and 
avoid leaving unutilized material. The only de- 
viations from the ordered quantities are the fol- 
lowing overruns, all within the 10% deviation 
allowed. 


yi 


The solution time for this problem was less 
than two seconds on an Amdahl 470V/6. 


SUMMARY 


This paper has described an important class 
of cutting stock problems that falls between the 
well known one and two-dimensional cases. In 
the example given, the two-stage cutting oper- 
ation was installed in order to provide flexi- 
bility so that orders for rolls of different dia- 
meters could be combined across the width of 
the extruder. If a two-stage cutting operation 
was not used, the orders in Table | would have 
to be grouped by lineal footage and each group 
would then represent a separate one-dimen- 
sional cutting stock problem. It should be clear 
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that subgrouping the orders in this way would 
severely restrict the patterns that could be 
used. Regardless of their reasons for existence, 
two-stage cutting stock problems do represent 
an important class of cutting stock problems 
to be solved. The example presented here, 
demonstrates how a modification to the Gil- 
more-Gomory one dimensional algorithm can 
be used to obtain high quality solutions to 
these problems. 
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This paper reports on a study carried out in a transport organisation to find the optimal inver*ory 
of recoverable spares in a two-level inventory system consisting of a central depot and a set 


of 20 depots all over the territory of the organisation, with repair facilities. The problems of 
the present system are diagnosed and it is observed that the upper echelon’s inability to meet 
the lower echelon's demand has resulted in an ever-increasing shortage. A mathematical model 


is developed to suit the system structure and a set of optimal inventory policies for recoverable 
spares at both the echelons is obtained for the case studied. 


INTRODUCTION 


PROVIDING efficient service to commuters 
with limited resources is a major challenge to 
public transport corporations in the developing 
countries. Provision of sufficient spares to 
reduce the down-time of the vehicle is one such 
means of providing a good service by improved 
fleet availability. An inventory of recoverable 
spares is one such challenging problem because 
of the expensive nature of the items. In this 
paper, the policies pertaining to a recoverable 
spares inventory have been studied in a trans- 
port corporation of a metropolitan city in 
India, where a central depot caters to the 
needs of a number of regional depots. 

There have been many attempts in the past 
to study the behaviour of multi-echelon inven- 
tory systems. However, the applications of this 
concept to a recoverable spares inventory in 
transport corporations have not been many. 
There have been some applications of the 
multi-echelon inventory concept for recover- 
able spares in the Navy and Air Force. Among 
various review papers on inventory systems, 
multi-echelon inventory systems have not 
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found much mention. Hollier and Vrat [7] 
have given an extensive bibliography and 
observed that the actual applications have been 
very few. Sherbrooke [10], in one of the ear- 
liest works on multi-echelon recoverable items 
control, suggested a technique called METRIC 
using the (S-1,S) inventory policy. Muckstadt 
[8] extended Sherbrooke’s model and pro- 
posed MOD-METRIC to permit explicit con- 
siderations of a hierarchical parts structure. 
Muckstadt [9] has further extended the con- 
cept to a four-echelon system and developed 
a model called NAVMET. 

None of the models available in the litera- 
ture was suitable for application to the struc- 
ture of the inventory system studied in this 
paper. A model was first constructed to fit the 
environmental parameters and the same was 
then used to derive the optimal inventory poli- 


cies for recoverable spares at the central depot 
as well as the various regional depots. 


STRUCTURE OF THE SYSTEM 


The study was conducted in a public trans- 
portation corporation with a fleet of about 
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TABLE 1. INFORMATION REGARDING CENTRAL WORKSHOP 





Rate-of output 
(engines/day) 


Time spent 
(days) 





Stage 


Mean 


Standard 
deviation 


Standard 


Mean deviation 





Section receiving failed 
engines 

Stripping and viewing 
section 

Parts stores 
Assembling section 
Testing section 
Loading dock 


3.0611 


2.5151 
2.7112 
2.7112 
3.1363 
3.3163 


3.8024 3.8721 4.3277 
2.7667 
2.8919 
2.8919 
1.7532 
2.9427 


6.8108 


6.4268 
26.9423 
0 


2.5003 
1.6936 





2000 buses operating over the entire territory 
of a metropolitan city catering both for urban 
and rural commuters. The problem was to 
determine the optimal number of spare bus 
engines to be stocked at various stocking 
points in the system. There is a central depot 
with stocking facilities and a central workshop 
where major engine overhauls are carried out, 
backed by a set of 20 subordinate (regional) 
depots which have storage and minor repair 
facilities. On an average about 100 buses are 
allocated to each depot to facilitate decentra- 
lised functioning of the system. The central 
depot is the nerve centre of the system and 
all purchasing of spares is done there. It also 
stocks a majority of spares and meets lower- 
level demand in the system. 

Each sub-depot has a repair bay. If the failed 
bus engine needs minor repair, it is repaired 
at the sub-depot itself. For major overhauls 
and repairs the engine is removed from the bus 
and a spare engine, if available, is fitted from 
the sub-depot stock. If no spare is available, 
the demand is passed on to the central depot 
which meets the demand from its stock, if it 
has any. The failed engine is sent to the central 
workshop for repair and overhaul and after 
repair, it is deposited at the central depot in 
order to meet the demand of sub-depots. Inabi- 
lity to meet the demand either by sub-depots 
or the central depot results in smaller fleet 
availability. 

In the central workshop, the engines being 
overhauled pass through the six stages of pro- 
cessing shown in Table 1. 


DATA COLLECTION 


Data pertaining to the number of failed 


engines received at the central depot, and the 
number of serviceable engines sent from the 
central depot to various sub-depots were col- 
lected over the past two years. Tne difference 
between receipt and supply is also plotted 
which reveals that shortages will keep on in- 
creasing on a cumulative basis due to the in- 
ability of the upper echelon to meet the 
demands of the lower echelon. Hence, unless 
something is done, it is likely that more and 
more vehicles will be off the road due to the 
shortage of spare engines, thus continually 
eroding the effective fleet availability. The en- 
vironmental variables affecting the problem 
were identified and the data pertaining to the 
central workshop and the central and sub- 
depots along with the relevant cost estimates 
are shown in Tables 2 and 3. In order to high- 
light the extent of variability associated with 
the parameters, the standard deviation of each 
variable is shown; but only the actual discrete 
state probabilities are used in the model with- 
out approximating to any standard probability 
distribution function. 


DEVELOPMENT OF MODEL 


The structure of the inventory system and 
environmental parameters necessitated con- 
structing a mathematical model to fit the sys- 
tem under study. The following variables are 
identified as relevant to the modelling of this 
inventory system. 


Physical variables 

1 Demand 

2. Supply 

3. Lead time 

4. Spare stock (decision variables) 
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TABLE 2. RELEVANT DATA PERTAINING TO CENTRAL AND SUB-DEPOTS 





Type of data 


Standard 


Mean deviation Notation 





Failure rate at each 
depot/day 

No. of failed engines 

sent to central depot/day 
No. of serviceable 

engines received at 
depot/day 

No. of engines fitted/day 

at each depot 

Output from central 
workshop/day 

Input to central workshop 
day 

The time a failed engine 
spends in sub-depot in days 
The time a failed engine 
spends in central depot 
(workshop) while being 
reconditioned till it 

is despatched to sub-depots 
in days 

The time a serviceable 
engine spends in sub-depots 
in days 


0.236 0.5697 


0.220 0.7426 


0.5402 


0.4792 


2.7427 


4.6692 


5.2432 


28.7474 





Economic variables 

1. Costs associated with failed engines at sub- 
depots, e.g. cost of removing/fitting a failed/ 
serviceable engine respectively; costs of trans- 
porting failed/serviceable engine between sub- 
depots and the central depot. 

2. Holding costs involved at both the echelons 
due to the inventory of failed and serviceable 
engines at sub-depots and the central depot. 
3. Shortage costs due to non-availability of a 
spare engine if demanded. 

4. Cost of repair at central depot. 


The objective of the model is to relate the 


total system cost with the spare stock at each 
echelon so as to find the optimal number of 
recoverable spares at the central and sub- 
depots to minimise the total system cost. The 
following assumptions are made: 


1. The system constitutes a closed loop with 
no new engines being added or old ones 
scrapped. Since the actual additions and dis- 
posals were very insignificant, this is a valid 
assumption. 


2. Demand of engines not met can be back- 
logged with resultant shortage costs due to loss 


TABLE 3. ESTIMATE OF RELEVANT COST PARAMETERS 





Cost parameter 


Denoted Value of the 
by parameter 





Cost of shortage/bus/day 
Factor for social cost 
(loss of good will) 


Cost of operation/bus/day 


Cost of replacing/engine 


Cost of transportation/engine/unit km 


Cost of Repair/engine 


Cost of holding/engine/year at depot j 
Cost of holding/engine/year at 


central depot 
Cost of an engine 


. 5000.00 
. 35,350.00 
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of revenue and good will by keeping the vehicle 
off the road. 


3. There is no lateral supply between sub- 
depots. 


4. Shortage and other cost parameters are uni- 
form for all the sub-depots. 


5. All engines are of the same make and type. 


6. Demand occurrence is independent of spare 
stock levels at central or sub-depots. 


Notations used 


; = number of vehicles in sub-depot j, 
oe ee 

,; = number of failures/day in depot j, a 
random variable with probability P;. 
number of failed engines sent to the 
central depot/day from depot j, a 
random variable with probability P7. 
number of serviceable engines 
received at depot j from the central 
depot/day, a random variable with 
probability Q;. 
number of serviceable engines fitted 
on to vehicles/day in sub-depot j, a 
random variable with probability Q’;. 
total number of engines in the sys- 
tem. 
distance between jth sub-depot and 
the central depot. 
number of serviceable engines sent to 
the central depot from the central 
workshop/day, a random variable 
with probability P(Z). 
number of serviceable engines issued 
to all sub-depots by the central depot 
every day, a random variable with 
probability P(Y). 
average total arrival rate of failed 
engines at the central workshop/day. 
average output rate of serviceable 


engines from the central workshop/ 
day. 


Nr 


= ¥ ZP(Z) 


zo 


; = output rate of ith stage of processing 
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in the central workshop for i= 
SS cack 

= lead time elapsed from the instant of 
removal of an engine from its vehicle 
till it reaches the central depot, in 
days. 

= expected time a failed engine spends 
at the central depot and workshop 
while being reconditioned till it is 
despatched to the sub-depot in days. 
expected time elapsed from the 
moment a serviceable engine is des- 
patched from the central depot till 
the time it is installed in the vehicle. 
spare stock to be maintained at cen- 
tral depot. 
spare stock to be maintained at sub- 
depot j. 
average cost of removing and replac- 
ing an engine. 
average cost of transportation of an 
engine to and from the central depot/ 
unit distance. 
expediting factor >1. This is needed 
if D; > S;, since it becomes necessary 
to expedite the transportation to 
avoid shortage, resulting in ad- 
ditional expenditure. « is taken to be 
1.2 in this specific case. 
average holding cost/engine/day at 
depot j. 
average holding cost/engine/day at 
central depot. 

= average shortage cost/backorder day. 

= penalty cost, expressed as certain per- 
centage of S, to include social costs 
of shortage. 
average cost of operation/bus/day. 

= average cost of repairing an engine. 


The model 


A. Costs at sub-depot level. The total cost 
at the sub-depot level includes the cost of 
engine failure, the cost of shortage and the cost 
of holding an inventory of serviceable and 
failed engines. 

Al. Cost associated with engine failure. This 
includes the cost of removing a failed engine 
and fitting a serviceable engine, the cost of 
transportation under normal conditions as well 
as under emergency conditions to expedite the 
transfer. For all the depots the cost expression 
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for the annual planning period is as follows: 


20 n, 
TCF = 365| y | ce 3 DP, 
1 


j D,- 0 


s, 
+ | Crd 3 D,, 
: D,-0 ‘ 


+| Coda 2 o,P, |||. 
D,=S,+1 


A2. Shortage cost. Shortages can be caused 
by the sub-depot’s inability to meet demand 
even if the central depot has a stock of service- 
able spares and by the inability of the central 
as well as the sub-depot to meet demand. The 
shortage cost will be the opportunity cost of 
non-availability, which is loss of revenue minus 
operating cost, with a factor to inflate the esti- 
mate to provide for loss of good will in terms 
of economic repercussions. The total cost of 
shortage/year for the whole system is given by 
the following expression: 


TCS = M[S.(1 + P) — Q] 
where 


M = expected backorder days/year for the 
system 


= 365 bal ¥ P(D; > S)[P(D; — S; < So) 
D 


j ,70 
x [(D, — S)(L, + Ls)] + P(D; — §; > So) 


x [(D; — S)(L, + Ls) + (Dj — S; - syvta1]| 
(3) 


A3. Holding cost. At sub-depot level the 
holding cost involves the holding cost of failed 
as well as serviceable engines. The expression 
for the total holding cost of sub-depots/year 
is obtained as follows: 


20 n; "; 
THSD = 365| > Hi) L & (DP; — A;P}) 
j=l A,;=0 D,=0 


n; ny 


+> ¥ (S;+BQ;- £09]. (4) 
0 


E,=0 B, 
The total cost of the lower echelon can be 
obtained by adding equations (1), (2) and (4). 


B. Costs at central depot level 


The costs at the central depot level will be 
due to repair costs incurred in the central 


workshop as well as the costs of holding 
serviceable spare engines and an in-process- 
inventory of engines being overhauled in the 
workshop. An approximation is made here in 
estimating work-in-progress by treating each 
processing stage as a single channel queueing 
system with M/M/1 type queue and the total 
in-process-inventory obtained by adding up the 
inventory -(in-process) before each processing 
stage. 


Bl. The total repairing cost/year is obtained 
by: 


TCR = 365uR.. (5) 


B2. Total holding cost due to serviceable and 
in-process inventory is given by: 
Ny 


TCHC = 365| Hol S +u- 


y 0 


4 A 
+ Hol ¥ || (6) 
t=2 Bim 4 


The total system cost for both the echelons 
is obtained by adding equations (1), (2), (4), (5) 
and (6). The decision variables Sy and S; are 
to be determined so as to minimise the total 
system cost. It can be seen that 365 is a com- 
mon multiplier in all the constituent equations 
of total system cost and hence minimising the 
total system cost/year is an objective equiv- 
alent to minimisation of the total system cost 
day. 


YP( "| 


ANALYSIS OF RESULTS 


The model developed for optimization of the 
recoverable spares inventory at both the eche- 
lons was used to find the optimal policies for 
the case under discussion. Values of parameters 


obtained through Tables 1-3 were substituted 


in the total system cost equation. Since no ana- 
lytical optimization technique was available to 
suit the model, the numerical method of opti- 
mization by computer-search was tried. S; was 
varied between 0 and 4 as it was observed from 
data that D; never takes a value greater than 
4. Sy was varied from | to 19. For each com- 
bination of So and S;,, all the costs (Al, A2, 
A3, Bl and B2) were obtained as well as the 
total system cost/year. These values are shown 
in Table 4. 

The results indicate that the model behaves 
in a plausible manner and all individual cost 
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TABLE 4. TOTAL SYSTEM COST AS FUNCTION OF So AND S; 





1 2 3 2 5 7 8 9 10 





17116472 
6741851 
4490671 
4382277 
4492805 


11345722 8439862 
5289983 5295383 
4496070 4501471 
4387677 4393077 
4498205 4503605 


8445262 
5300783 
4506871 
4398477 
4509005 


8450602 
5306183 
4512271 
4403877 
4514405 


8461462 
5316983 
4523071 
4414677 
4525205 


8466862 
5322383 
4528471 
4420077 
4530605 


8472262 
5327783 
4533871 
4425477 
4536005 


8277662 
5333183 
4539271 
4430877 
4541405 





11 12 13 14 15 17 18 19 





8483062 
5338583 
4544671 
4436277 
4546805 


8488462 
5343983 
4550071 
4441677 
4552205 


8493862 
5349383 
4555471 
4447077 
4557605 


8499262 
5354783 
4560871 
4452477 
4563005 


8504662 
5360183 
4566271 
4457877 
4568405 


8510062 
5365583 
4571671 
4463277 
4573805 


8515462 
5370983 
4577071 
4468677 
4579205 


8520862 
5376383 
4582471 
4474077 
4584605 


8526262 
5381783 
4587871 
4479477 
4590005 





components have a behaviour pattern, which 
is even intuitively consistent. As So or S; or 
both are increased, the shortage cost is reduced 
and the holding cost increased, as expected. 
The results in Table 4 indicate that the total 
system cost is more sensitive to S;, than to Spo. 
The economic behaviour of the system is 
hypersensitive (for the case under discussion) 
when Sp is changed from 1 to 2 and 2 to 3 
and S$; changed from 0 to 1 and 1 to 2. The 
global minimum cost is obtained at Sy = 1 and 
S; = 3. For S; = 3, any increase in Sp will not 
result in any appreciable increase in the total 
system cost, indicating the insensitivity of the 
system to So, at optimal S;. There is a marginal 
difference between the total system cost at 
S; = 2 and S; = 3. Since reduction in the total 
inventory works out to 20 engines, indicating 
an investment reduction of Rs. 700,000, this 
sub-optimal decision (S; = 2) might be prefer- 
able as the problem of initial investment is 
appreciable to the organisation studied. The 
present practice was not to have any spare 
engine at either level, and obviously it was 
creating problems of acute shortage as was 
evident from the initial diagnostic analysis 
reported in preceding sections. 


CONCLUSION 


The model developed in this paper, though 
specific to this situation, can be used elsewhere 
for recoverable spares inventory control with 
little modification depending upon the system 
structure. In the context of the transportation 
corporation studied, the model provided a 


potential for cost reduction if inventory poli- 
cies as prescribed by the model are imple- 
mented. It is also possible to study the effect 
of increased maintenance facilities (and conse- 
quent reduction in throughput time) on the 
spare level. Further, it is possible to investigate 
the effect of location of central/sub-depots on 
stock levels, etc. 

However, the model could possibly be 
further refined by relaxing the assumptions 
that there is no lateral supply between sub- 
depots and that there are no additions and 
condemnation of engines in the system. Permit- 
ting lateral supplies would require a very effi- 
cient information system. In the model the 
value of S; is taken to be same for each sub- 
depot, to simplify computational effort. The 
model can be extended to a three-echelon sys- 
tem and work is in progress in that direction. 
Even in its present form the model offers a 
scope for substantial cost reduction. 
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Four Examples of Artless Modelling 


INTRODUCTION 


MOST ACADEMIC attention in Management Science 
and Operational Research has been devoted to the 
more algorithmic and mathematically deep aspects of 
the subject which readily lend themselves to systemati- 
sation. In comparison the ‘art’ of model building has 
been rather neglected. There is often a large artistic 
component in the building of models. This is very diffi- 
cult to teach although it can be demonstrated and, to 
some extent, acquired by (good) experience. The neglect 
of the modelling aspect sometimes results in quite sur- 
prisingly (to the author) badly built models or over- 
sights. Technicalities in the modelling and solution pro- 
cedures cause a blindness which results in a failure to 
‘see the wood for the trees’. Four examples are pre- 
sented here, three from the author’s experience and one 
from that of another practitioner. It is hoped these will 
demonstrate the need for common sense thinking when 
modelling. 


EXAMPLE |: BLINDNESS 
IN MODELLING 


The problem here involved blending a number of 
different grades of mineral together in order to achieve 
certain quality stipulations at minimum costs. As such 
it was a classic application for Linear Programming. 
The problem arose each week. Each week’s problem 
gave rise to a minute (6 constraint) LP model. The 
problem was, however. complicated by its dynamic 
nature. The ingredient mineral need not be entirely 
used nor the blended mineral entirely sold in the weeks 
in which it was extracted. This possibility of passing 
on minerals between successive weeks was dealt with 
by ‘recursively’ solving the LP models for each week. 
By means of a FORTRAN program interfaced to the 
LP package used the surplus of one week’s solution 
was fed into the next week’s model before it in turn 
was solved. This procedure was repeated (automati- 
cally) for ail 52 weeks in the year. The year’s solution 
was then used to adjust the starting conditons for a 
repeat of the whole procedure. Carrying out this cycle 
a number of times an acceptable solution was obtained. 
There appeared (to the author) no guarantee that the 
process would result in an optimal solution. The 
method did, however, work and produce reasonable 
results. . 

What the model builders had failed to realise was 
that the dynamic aspect of their problem could also 
be modelled using LP. It would have been reasonably 
straight forward to introduce variables as follows: 


= Quantity of ingredient i produced in week 1 
= Quantity of ingredient i blended in week t 
w;, = Quantity of ingredient i passed on at end of 
week f 
¢ = Quantity of blended mineral produced in 
week f 
’, = Quantity of blended mineral sold in week 1 
= Quantity of blended mineral passed on at end 
of week t 


The following linear relationships could then have been 
stipulated. 
Wi-1 7 Uy — Veg — Wa = 
Sexe PM 


These constraints could then have been incorporated 
in a multiperiod LP model in addition to all the 52 
weekly blending models. Such a model would have 
been much larger than the original LP models but still 
of only a moderate size in comparison to what can 
be solved by modern computer systems. Although such 
a model was not built it would almost certainly have 
been. quicker to solve than the original, would have 
avoided the writing of a special purpose routine and 
could have been guaranteed to produce the optimum 
solution. 

In this case there was obviously a failure to think 
beyond the simple type of LP constraints to the possi- 
bility of modelling dynamic relationships such as those 
above. The modelling of such structured situations is 


described [3]. 


EXAMPLE 2: 
INELEGANT MODELLING 


This problem involved making production and in- 
ventory decisions over a number of successive months. 
The problem had a rather similar structure to that of 
Example | but a multiperiod LP model was in this 
case built. Variables were introduced with the following 
interpretations: 


Xj, = Quantity of product i produced in month t. 


There were known demands d;, for product i in month f. 

All the productive capacity constraints were 
modelled for each month. In the objective function 
both production and storage costs were represented for 
each month. 

The possibility of under or over-producing in certain 
months and coping with shortfall or excess by storing 
(at a cost) was modelled by the following relationships 
(for all i): 


Month | x;, = di; 
Month 2 x. = dj. — Xj, + diy 


Month 3 x;; = — Xj2'+ diz — Xi + di 
Month 4 


— Xj3 + dix — Xj2 

+ d;, - Xin T di; 
etc. 
Clearly these relationships get longer and longer as the 
months proceed. This model was not incorrect, but 
most practitioners would regard it as inelegant. The 
model builder has obviously related all quantities back 
to the first month. 

By introducing extra variables (although this makes 
the model larger) the relationships can be thought of 
‘recursively’ linking together only immediately success- 
ive months. The following extra variables are intro- 
duced: 


Vir = Quantity of product i stored from month ¢ to 
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month t+ 1. The above relationships can then be 
remodelled (for all i) as: 


Month | Xu ~ Va = di 


Month 2,3,.. ya-1 + Xn — Juz 


uw 


EXAMPLE 3: 
INCORRECT MODELLING 


This example was described to the author by Miiller 
Merbach [2]. who suggests a systematic notation for 
representing the type of problem described here. We 
purposely do not follow his notation in order to 
demonstrate how easy it is to model incorrectly without 
such systematisation. The problems concern the flow 
of materials through a network of processes as found 
in, for example, oil refineries. Two examples are given 
here. 
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Fic. 1. Flow through a network. 




















Figure | illustrates the first example of flows into 
and out of two types of processes. Process A (PAI and 
PA2) splits the input material in fixed proportions into 
two types of output material. (e.g. a distillation process 
splits crude oils into different grades of petrol). Process 
B (PB1 and PB2) mixes its inputs together in flexible 
proportions to produce an output (e.g. the blending 
together of ingredients). In this example: 


PAI splits each unit of (1) into 0.2 units and 0.7 units 
respectively of two intermediate materials. 


PA2 splits each unit of (2) into 0.4 units and 0.5 units 
respectively of two intermediate materials. 


PBI and PB2 mix the intermediate materials together 
(with no loss of mass) as indicated in Fig. | to produce 
final materials (3) and (4). 


If the quantities of (1}, (2), (3) and (4) involved are 
represented by variables x,, x2, x3; and x4 the building 
of a model demands the representation of the relation- 
ships between these quantities. The correct formulation 
is: 

x; = 0.2x, + 0.4x, 


xq = 0.7x, + 0.5x>. 


The second example is illustrated by Fig. 2. 
Process C (PCI and PC2) is a flexible conversion 
process which may convert a unit of material into a 
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Fic. 2. A second example of network flow. 
































unit of one or other materials (e.g. milk into butter 
or milk into cheese). Clearly some of the input may 
be used to produce one material (butter) and the rest 
to produce the other material (cheese). Process D (PDI 
and PD2) takes inputs in fixed proportions and pro- 
duces an output material (e.g. the production of certain 
fuel oils in a refinery requires the blending of different 
oils in fixed proportions). In this example: 


PCI converts each unit of (1) to a unit of one or other 
of two intermediate outputs (or a mixture of the two). 


PC2 converts each unit of (2) in a similar fashion. 


PD1 takes its two inputs and produces its output of 
(3) in the fixed ratio 0.5:0.4:1. 


PD2 takes its two inputs and produces its output (4) 
in the fixed ratio 0.3:0.7: 1. 


The quantities of (1), (2). (3) and (4) will again be 
represented by variables x,, x2, x; and x4. It is tempt- 
ing to formulate the relationships between them (anal- 
ogously to the former example) as: 


xX; = 05x, + 0.4x, 
X4 = 0.3x, + 0.7x>. 


A little reflection shows this must be wrong (for 
example the formulation would allow positive quanti- 
ties of (3) and (4) to be produced using none of (2) 
breaking the fixed proportion requirement of process 
D). The correct formulation is: 


x, = 0.5x3 + 0.3x4 
x, = 0.4x, + 0.7x4. 


Miiller-Merbach has experience of a model built mak- 
ing this mistake many times over thus producing a 
wildly invalid representation of the real life problem. 

This example illustrates the danger of failing to ana- 
lyse a simple situation where an apparent analogy 
presents itself. 


EXAMPLE 4: BLINDNESS IN 
RECOGNISING A SOLUTION 


This example concerned a multiperiod planning 
problem stretching over 20 years. Many investment 
decisions had to be made during this time. These de- 
cisions were interrelated. Investment in a piece of plant 
at any time affected both investments in other pieces 
of plant at that same time and investments in the same 
piece of plant at future times. This complex problem 
was formulated as a multiperiod Integer Programming 
model. 

To start with a small four period model was built 
in which each of the periods was an aggregated 5 year 
time span. The solution produced obviously allowed 
no changes in investment plans within any of the 5 
year periods. A disaggregated model was then con- 
structed consisting of 20 one year time periods. This 
model was obviously much larger and more difficult 
to solve. It was run for many hours on a computer 
and not even a feasible solution was found (let alone 
an optimal one). 

The performance of most mathematical program- 
ming algorithms can be greatly improved by providing 
an initial feasible solution. For Integer Programming. 
models the commonly used Branch and Bound algor- 
ithm is no exception. A feasible solution provides a 
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bound on the value of the objective function which can 
be used to good effect in the tree search procedure. 

In this example, a feasible solution was readily to 
hand if only the solver (who was also the modeller) 
had realised it. The solution to the aggregated four 
period model should obviously have suggested a feas- 
ible solution to the 20 period mode! in which variables 
remained unchanged within each span of 5 years. This 
observation would (in the author’s opinion) have saved 
much computer time and money. Moreover, the obser- 
vation requires no technical but rather an ability to 
step back and think in common sense terms about the 
relationship between the models and the situation 
represented. 


CONCLUSIONS 


Modelling is often given insufficient attention in 
Management Science. The potential of Linear Pro- 
gramming to model other than simple situations is not 
as widely known as it might be [3]. What may seem 
trivial to many practitioners is far from obvious to 
those less experienced. 

The use of an established Management Science 
approach such as Linear Programming can easily cause 
people to lose their original or critical faculties and 


apply the approach unthinkingly. Model building is to 
some extent an art in a rather analogous way to com- 
puter programming as discussed in Knuth [1]. 

Although the examples described here relate to 
Mathematical Programming models similar conclu- 
sions are likely to apply more widely. 
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Some Useful Ratios in Evaluating Performance 


ABSOLUTE values of key variables in an industrial 
enterprise are rarely adequate to tell us how the enter- 
prise performs. For example, measures of output. sales 
volume or number of employees are fairly good indi- 
cators of the size of the operation, but for performance 
evaluation purposes we need to know how these 
measures change with time, what resources are needed 
to produce certain outputs, and how the resources mix 
compares with other operations. The use of ratios, 
which link inputs and outputs or express relationships 
between different measures of inputs or outputs, has 
therefore become common practice among business 
analysts. The number of possible ratios that can be 
considered is legion (see. for example, Westwick [5]). 
and long lists are often constructed in a vain attempt 
to cater for every conceivable eventuality, although in 
practice managers and analysts are very selective in 
what they use, and sometimes they even devise their 
own measures to suit the environment in which they 
operate. The purpose of this note is to present a list 
of manageable proportions in the hope that it is ade- 
quate to cover most of the contingencies encountered 
in practice and thereby provide a range from which 
a suitable choice can be made in particular instances. 

Ratios can be divided into two groups, the first 
relates to measures of performance at any given time 
(seven categories are listed below for relationships 
between inputs and outputs in various combinations. 
as well as ratios reflecting financial, market and pro- 
ductivity considerations), and the second indicates how 
measures of change can be handled by the method of 
incremental analysis. 


NOTATION 


= fixed assets (machinery, buildings, land) 
= working capital (current assets minus cur- 
rent liabilities) 
= I, + Iw = capital employed 
number of employees = N, + N; 
direct labour 
indirect labour 
wages and salaries = W, + W, 
cost of the N, employees 
cost of the N, employees 
= materials = M, + M, 
cost of raw materials 
cost of bought components 
capital charges 
= other expenses 


Intermediates 
H = manhours 
Q = stocks (in monetary value) 
C = total cost = W+ M+CC+0E 
unit price = R/V 
= unit cost = C/b 
= unit profit 


Outputs 

V = production volume (in physical units; for 
further details of how to measure output 
see [2]) 

§ = sales (in physical units; it is often assumed 
that V = S, though such an assumption is 
not always valid) 

R = sales revenue = pS (assumed often to be 
pV) 

Z = profit 
(p — c)b 


(usually before tax)=C—R= 


MEASURES OF PERFORMANCE 


1. Relationships between inputs 


1,/1 = ratio of fixed assets for future investment 
I,/N = fixed assets per employee 

I/N or 1/W = total assets per employee or per cost 
of employees 

N,/N (or W,/W) or N3/N (or W,/W) = direct labour 
ratio 

M,/M or M;/M = bought components indicator 


2. Relationships between intermediate and inputs or out- 
puts 

C/V = c = unit cost 

% = (p — c)/p = profit margin 
H/N, = hours per direct employee (or W,/H = aver- 
age hourly cost of direct labour) 

H/V = manhour per unit of output 

Q/I or Q/ly = indicator of stock holding 

R/Q = stock turnover ratio 

M/C = proportion of material cost 

W/C = proportion of labour cost 
CC/C = proportion of capital cost 
OE/C = proportion of other expenses 


MW OCC. 208 
Note: + +—+—=] 
Cae Cc Cc 
3. Relationships between outputs 


= x = profit margin (as above) 
' = p = unit price 
’ = unit profit = p — c (as above) 


4. Relationships between outputs and inputs 





Production 
(or sales revenue) 


Input Profit 





V/I (or R/I) Z/l =r = rate of 
return on investment 
Z/l¢ 


Z/N 





= unit material cost 
= unit labour cost 
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CC/V = capital charges per unit 

OE/V = other expenses per unit 
Me 6S es 

meee Se = 


Note: — + — 4 ¢ 
1 V | 


5. Other financial ratios 

P current assets 
current ratio = —— a 
current liabilities 


ver ; cash + debtors 
liquid ratio = 


(‘acid test’) current liabilities 


‘ current assets 
assets ratio = ———— 
fixed assets 
; debtors 
debtors credit 

av. daily sales 
total debt 


debt ratio = 
total assets 


; preference capital + long term loans 
gearing = : 


(‘leverage’) equity capital 


ib, : profit after depreciation 
times cover = --— 
preference dividend 

+ long term loan interest 


6. Market indicators 
market share 
share price 
eps (earnings per share) 
eps 
share price 
P/E (share price/earnings) 


share price 


Financial Times or Dow Jones Index 


share price 


sector share index 


7. Added value ratios 


AV = added value 
sales income — purchase expenditure 
=R-M=W+CC+0E+Z 


A typical argument of proponents of added value 
measures runs as follows: “Once capital has been in- 
vested, the depreciation, loan interest and profit on the 
increased investment all have to be earned from added 
value. So the added value per £ fixed asset and per 


£ capital employed are important—they should remain 
constant” [4]. It is not clear why they should. but the 
performance ratios most commonly mentioned are: 
Hw 
N 
ly 
Hl, 
‘/l 
day 
sq. ft. (or AV /sq. m.) 
fuel costs 


. Productivity ratios (for further details see [2]) 
labour productivity = V/N (or V/H) = output/man 
(or manhour) 
materials productivity = / M = output/materials 
capital productivity = output capacity 


INCREMENTAL ANALYSIS 


More often than not, managers are interested in the 
degree to which certain measures undergo a change. 
For example, if the unit cost ¢ in one time period is 
subjected to an incremental change dc in a subsequent 
period, then attention is focused on c* = dc/e which 
measures the relative change in c. and similarly Z* is 
the ratio of the change in profit to the original profit 
The relative change in any of the variables or ratios 
listed above may therefore become the subject of mana- 
gerial scrutiny 

In general terms it can be shown [1] that if A = ab 
and if the variable a in one time period changes to 
a(l + a*)in a subsequent period (where a* = da/a) and 
similarly if the variable b changes to b(1 + b*) then 
the relative change 1*(= 3A/A) is 
A* = a* + h* + a*h*. Similarly, if A= abe, then 


A* = a* + b* + c* + ath* + b*c* + c*a® + ath*c* 


Also. if A = a + / then it can be shown that 
h 


a 
A* = a* — + b* 


For the cae C=W+M+CC (for the sake of 
simplicity EO is ignored here) it follows that 


ct = we =| + M*| =) + ce+(<) 


Similarly, for the unit cost 


M\* M 


)< 


EXAMPLE 


1. Total cost 





cc 





base year | 

year 2 

contribution to change 
% change 

cost proportions 
contribution 


20 100 

20 110 

0 10 

0 10 
0.2 total = 1 
0 total = 20 





* contribution 


0 total = 100 
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. Unit cost 





W ! cc 


V V VO 





base year | = 20 + 60 + 20 


year 2 


= 27.3 + 63.6 + 18.2 


%, change . 36.5 6 —9 
*, change q 73 +436 -— 18 
—— 





Change in unit cost [3] 


If 


where 


r 
c = unit cost = s + 7 


= variable cost/unit 


fixed cost 


= volume 


and 


fe SJ —(F* — V*) 
1+ V* 


s/c = proportion of the variable cost in the total 
unit cost 


(F/V)/C = proportion of the fixed costs in the 
total unit cost 


fitf,=1 


Change in rate of return 


If rate of return 


then approximately 
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EDITORIAL 


Lateral Consistency? 


I WAS TRADING reminiscences some time ago with this consultant 
ex-friend of mine (call him JBJ for short) about our experiences in 
assessing the capabilities of companies to meet new challenges. We 
had both been involved, one way or another, as observers and as 
change agents, in studies of evolving corporate strategies, and our 
combined experience adds up to a fascinating story of contrasts in 
the behaviour of management, of action and inaction, of innovation 
and inordinate conservatism, of courage and timidity, of flashes of 
insight and obstinate blindness, of success and abject failure. 

It is a story of a struggle for survival, when new threats and oppor- 
tunities constantly appear on the horizon: new products that could 
supersede an existing range, new materials and methods of manufac- 
ture that threaten established expensive facilities, new moves by com- 
petitors to capture a larger share of the market, new markets and 
distribution methods, new industrial groupings and changes in sources 
of funds. All these, and many more, pose problems for the top mana- 
gerial echelon of the enterprise. Every new challenge can be seen both 
as a threat and as an opportunity, and a suitable response needs 
to be formulated. An aggressive reaction often involves an outlay of 
resources and greater exposure, with dire financial consequences if 
the move fails; a defensive reaction is generally safer in the short 
term, but it could hail the beginning of a steady decline. 

What is it, then, that makes management take one course of action 
rather than another? It is easy, of course, to be clever after the event, 
to argue that the writing was on the wall for all to see, and that 
only one particular posture should have been adopted. In the absence 
of hindsight, it is not only the assessment of whatever evidence is 
available at the time that needs to be considered, but the organization 
structure and its procedures, as well as the weight of tradition, 
obviously have a part to play. 

Now, said JBJ, in order to understand what shapes the attitudes 
of decision-makers and their approach to problem-solving, we have 
to identify the one pervasive characteristic that prevents them from 
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having an open mind, from taking a fresh and unbiased look at a 
problem. 

And what is that characteristic? Vertical thinking, boomed JBJ 
triumphantly. Vertical thinking is the product of our educational sys- 
tem, which strives to inculcate rigid forms of reasoning, with emphasis 
on the methodology of logical deduction. Perhaps the best example 
of that, JBJ warmed to his theme, is the study of Euclidean geometry, 
where you start with certain definitions and a given set of reasonable 
premises, and you then proceed to prove relationships between various 
properties. And the method of proof assumes a rigid format, which 
is symptomatic of this deductive approach: You define ‘the givens’, 
you make a statement in the form of a theorem to describe what 
it is that you seek to prove, and then you use other proven theorems 
(whose proof does not depend on the one before you) to arrive at 
the desired conclusion, ending with the punchline QED to put the 
final stamp of approval on the rigour of the method and the validity 
of the outcome. Thus, the whole structure of Euclidean geometry con- 
sists of bricks that lean on other bricks, a vertical monument of deduc- 
tive logic, which is at pains to separate premises from arguments and 
to highlight the principle of economy in the development of your 
reasoning (I vividly remember the occasion at school when I was 
called to the blackboard to prove a new theorem and was admonished 
by the teacher for “going back to first principles”, as he put it, instead 
of relying on another theorem, which had just been proved and which 
would have saved two lines in the proof I had proposed). 

This kind of vertical thinking is deep-rooted. It emanates from con- 
ventions about approaches to problem-solving, so that our thought 
processes are geared to follow systematic analyses, where every ex- 
ploratory step has its place in a sequential and inter-dependent set 
of arguments. Even the problems that we need to solve are influenced 
in their formulation by the vertical thinking process, and once a prob- 
lem is formulated in a particular way, we are conditioned to seek 
a solution accordingly, whereas lateral thinking allows us to abandon 
the rigid formulation and to pursue unconventional avenues. One of 
the well known elegant examples cited for the contrast between 
vertical and lateral thinking concerns the case of organizing a tennis 
tournament with 100 entries, where the winner of each match goes 
forward to the next round, and the problem is to determine the 
number of matches that need to be scheduled to produce a champion. 
The conventional way of approaching this problem is to concentrate 
on the winners and to work out the number of matches in each round, 
a somewhat laborious process, whereas if the problem-solver turns 
his attention to the losers he immediately perceives that the purpose 
of each match is to produce one loser and the purpose of the whole 


tournament is to produce 99 losers, hence 99 matches need to be 
scheduled. 
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It is examples like this that JBJ kept trotting out to illustrate how 
backward and old fashioned vertical thinking was. I surmised that 
he must have attended one of these lateral thinking courses, probably 
run by that smooth and articulate proponent of lateral thinking, 
Edward de Bono. And I was right, he had been to one of these courses, 
and caught the bug. It was clear to him that all our ills would 
be cured if we were to adapt in industry a positive approach, if we 
were to brush aside all conventions that are only designed to impede 
our progress, and allow ourselves the luxury of examining problems 
with a fresh outlook, without constraints or inhibitions. Constraints, 
he muttered, there is the epitome of the conventional approach to 
decision-making, to find a solution subject to constraints. Constraints 
are but artificial barriers in our exploration, they compel us to concen- 
trate on them, they drive us to thinking in terms of how to circumvent 
them or how to minimize their effect, whereas what we should be 
doing is freeing ourselves of such shackles and be prepared to consider 
any bold solution, however atrociously bizarre, and be equally pre- 
pared to abandon at a stroke set procedures and existing plans. 

I could not deny the strength of these sentiments. Organizations 
do tend to become conservative and bureaucratic, so that some icono- 
clastic approach is necessary if an innovative impetus is to be sus- 
tained. But, then, how can we reconcile this exhortation for lateral 
thinking with the need for consistency in organizations? 

Explain, demanded JBJ. Well, the argument goes something like 
this: Society requires that actions of its members, both of individuals 
and of groups, be carried out according to some rules. Hence we 
have a framework of legislation, that prescribes a series of do’s and 
dont’s, and people are expected to obey the law. In addition, there 
are unwritten laws, which equally affect the behaviour of people, so 
that those who do not conform are regarded as eccentrics. And it 
is because we want to be able to predict to a large extent how people 
and organizations will react in given circumstances that we often 
refrain from putting real eccentrics in charge. Consistency and order 
are the foundations on which organizational structures strut. Without 
consistency, you don’t know how your subordinates will function, you 
don’t know how your superiors will handle new problems, you don’t 
even know what their expectations are, in short you don’t know where 
you stand. 

I have seen this state of affairs in one firm, where the chief executive | 
kept on changing his mind about various major issues which needed 
attention: Manager A, who was supposed to be in charge of all person- 
nel matters, suddenly found that B was instructed to deal with recruit- 
ment, while C was issuing circulars about working conditions; one 
day A was specifically told that a certain executive was to have a 
personal assistant recruited to help him, but when all the interviews 
were over and a final short list compiled, a decision was made to 
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abolish the new post; then, a week later, A found that an employee 
had been transferred from another department to fill the non-existent 
vacancy, needless to say, with the chief’s approval. To overcome these 
difficulties, it was decided as a matter of policy that job specifications 
would be compiled for every managerial position, so that lines of 
demarcation of responsibility and accountability would become clear, 
but no sooner was a job specification finalized, it became partly obso- 
lete because of a constant redefinition of responsibilities and changes 
in the organization structure. Who are you reporting to today? was 
the standard joke in the company. Now, every single decision made 
by the chief executive had a reason, every change of mind was the 
outcome of new information or in response to new stimuli, but to 
an outsider the general impression was that of a dynamic organization 
steered firmly without its members having a clear sense of direction. 
The only consistent and predictable feature of that style of manage- 
ment was that there was no consistency, and that every final decision 
was never final. 

I put these points to JBJ and he conceded that there was a problem, 
and that lateral behaviour was often incompatible with consistent 
behaviour. But in trying to determine which style of management is 
more beneficial, a stodgy-bureaucratic approach that upheld consist- 
ency at all costs or an eccentric-unpredictable mode of control that 
kept everybody on his toes, we need to look at the success rating 
of the companies in question. Was the firm that I alluded to, JBJ 
demanded, the one with the dominant chief who kept on changing 
his mind, successful or not? I admitted that it was financially very 
successful, that the managerial staff was remarkably adaptive in: ac- 
commodating the stream of instructions emanating from the top, and 
that as a result the organization was very well equipped to respond 
rapidly to changing market circumstances, much more so than its 
larger competitors. Size has undoubtedly something to do with it; 
small firms can thrive on weak administrations, while large firms have 
to enshrine formal procedures, which become their very lifelines. 

There you are, JBJ was jubilant. This is why innovation is so diffi- 
cult to implant and to sustain in large organizations. It simply does 
not fit in, it is too alien to the whole ethos of their management 
style; it is even threatening, to the structure and to the individuals 
who feel that they have most to gain from the status quo. And, he 
continued, this is why I so often come across firms which are totally 
moribund, stuffed with replicas of organization men who will not or 
dare not sweep aside the monuments of convention that surround 
them. This is why, he concluded, I will not give you two figs for 
your consistency. 

It was sometime later that JBI suggested that I join him in a new 
venture that he was about to launch. Since at that time I was involved 
with a competitor I had to consider carefully the pros and cons of 
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JBJ’s proposition before severing my existing association. His scheme 
was sound, his terms were good, and I like the guy. I therefore 
accepted his proposal and gave notice to the competitor, only to dis- 
cover a few weeks later that JBJ had had a lateral thinking session 
with himself. He completely recast the new venture, its aims and scope 
had changed, so had the array of his associates, and my participation 
was written out of the new blueprint. He knew full well that he was 
placing me in a very awkward position, but he felt no sense of commit- 
ment or obligation, and that is how JBJ became a good ex-friend 
of mine. Loyalty is the product of consistency, and it has no place 
in the scheme of those who despise it. 

The dilemma, then, remains, the dilemma of how to achieve co- 
existence between consistency and innovation. No organization can 
survive for long on the one without the other. We need both; in fact. 
we need a structured way in which the unstructured can be tolerated 
and brought to the fore. 

SAMUEL EILON 
Chief Editor 
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FEEDBACK 


Ackoff’s Fables 


I AM VERY grateful for the amount and quality of 
attention the Editor has given in his Editorial to my 
book. The Art of Problem Solving (see Omega, Vol 7, 
No 2). He has perceived my intentions and communi- 
cated the spirit of the book much better than I could 
have. 

His invitation for comments on the Editorial is 
generous. I accept with the hope that he will be able 
to publish this response in its entirety to avoid miscon- 
ceptions. As he knows, it is unusual (and it is certainly 
not my practice) to respond to reviews of one’s books, 
even to unfavorable reviews. I feel reviewers have a 
right to express themselves without having to defend 
themselves against offended authors. In the case of such 
a sympathetic and understanding review as his, it seems 
inappropriate to dwell on minor disagreements that I 
may have with it. There are two points, however, on 
which brief comment may help readers. 

First, I refer to his discussion under the heading: ‘Cause 
and Effect.’ In the second example, on smoking and 
cancer, he refers to the enigma facing government and 
justifies its taking action against smoking by invoking 
consideration of type I and type II errors. However, 
he formulates the type I error in terms of “action being 
taken but having no positive results.” This does not 
take into account the possibility that such action may 
have severely negative results. There is some evidence 
to this effect with regard to the discontinuation of 
smoking which some governments choose to ignore or 
suppress. I recall (but cannot retrieve) a study carried 
out. I believe, by the Tavistock Institute that showed 
that those who stop smoking have a much higher inci- 
dence of mental illness that those who continue. (This 
does not establish a causal connection between the two 
but it gives reason to pause.) Then there are the impres- 
sive (to me) studies by Richard J Hickey and Richard 
C Clelland; for example, ‘Maternal smoking, birth 
weight, infant death, and the self-selection problem, 
American Journal of Obstetrics and Gynecology, 131 
(Aug. 1, 1978), 805-811. Among other things their work 
reveals the possibility that nicotine induces “a physio- 
logical response that serves to alleviate bioenergetic 
deficiencies in some individuals.” 

If advertisers in the first of my examples cited in 
the Editorial were to use the logic Eilon suggests for 


government in the second example, then, in the absence 
of causal information, they would advertise more. But 
this ignores the cost and harm of excessive advertising. 
Jim Emshoff and I have shown this to be the case 
where beer is concerned (Advertising research at 
Anheuser-Busch, Inc. (1963-68), Sloan Management 
Review, Winter 1975, 1-15). Excessive advertising may 
decrease sales, which is not equivalent to “the lack of 
positive results.” In the absence of causal information 
it may be very dangerous to assume that an effect is 
a monotonically increasing function of a hypothesized 
cause. 

Furthermore, and this is really an aside, I suspect 
the motives of a government such as my own that tries 
to discourage smoking on the one hand (quite unsuc- 
cessfully), and, on the other, succeeds dramatically in 
subsidizing the growing of tobacco. 

The second point, a minor one, involves Eilon’s use 
of my example involving a consumption tax. I com- 
pletely agree with his conclusion to that discussion: 
“What is ingenious and exciting to some is common- 
place to others.” I do not think, however, that my 
example and his counter examples—our sales tax and 
your value added tax—make his point. He has isolated 
the proposed consumption tax from the rest of the sys- 
tem of which it was part. The fact that this tax was 
imbedded in an Electronic Funds Transfer System elim- 
inated the need for all checks and most cash, and made 
it possible and desirable to eliminate (1) all income 
taxes, (2) interest paid by banks on savings, and (3) 
interest paid to banks for loans, among other things. 
The system with these characteristics, I believe, is not 
commonplace. If it appears so, then my presentation 
of it is seriously deficient. 

I appreciate his thought-provoking editorial and 
hope that these brief comments do not make my appre- 
ciation seem less than it is. 


RL AcKort 
University of Pennsylvania 
414 Vance Hall 
3733 Spruce Street 
Philadelphia 
PA 19174 
USA 
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A Question of Size 


IN My research work, I have found it useful to make 
the following conceptual definition. 





Economy of scale in research and development includ- 
ing preproduction 
A 





B & D 
Economy of Economy of Economy of 
scale in plant scale in plant scale in 
construction operations marketing 





E 
Economy of scale in technology 





Section A: contribution to product development 
and production aids, such as tools, molds, programs 
and design foundation. The evermore complex con- 
ditions of many product lines/production areas 
have increased the smallest volume that can manage 
a fairly advanced product development within a reason- 
able amount of time. For already existing production 
programs there are three important areas of scale. 


Section B: plant construction with productive equip- 
ment in the form of machines and equipment. An 
economy of scale clearly defined for most sectors, with 
a scaling factor of 0.4-0.8. A thoroughly investigated 
area with both a good technical as well as economic 
level of penetration. 


Section C: plant operations including organization 
and management of the continuous operations, in 
which the combined action of equipment, product, 


economic and human resources is an important ele- 
ment. 


Section D: marketing includes distribution and the 
entire market organization in all markets. These may 
be wholly-owned subsidiaries, agents, business concerns 
or other distributors. In my opinion an area difficult 
to describe, since it has been customary to handle joint 
distribution and trade differently for different products. 
There are probably considerable advantages in an 
economy of scale if a second product has its own 
worldwide distribution. Joint distribution changes the 
scene drastically in this area. 


Section E: Technology means a lot, especially since 
the technology in any field goes through great changes. 
An example of this is the replacement of mechanical 
control systems by electronic control systems using 
microcomputer technology. The control equipment 
may be found in the product, in the production or 
within the organization of distribution. The technology 
involved may apply to the manner in which products 
are developed, manufactured and marketed, the organi- 
zation of the production or the market organization. 


Beckett's paper (see Editorial, vol 7, no. 1) is clearly 
limited to section C, ie. economy of plant operations 
production facilities operations. 


STEN OLOF GUSTAVSSON 
Chalmers University of Technology 
Division of Management 
Fack 
S-402 20 Goteborg 
Sweden 


Political Man 


THE STIMULATING editorial ‘Political Man’ empha- 
sizes the need for ‘éducation permanente’ if today’s 
manager is to develop the social, economic, and politi- 
cal skills that tomorrow’s corporation will demand. 
However, I am concerned that management education 
should help him integrate all these facets, rather than 
create a taxonomy in which he may feel he has to 
choose a particular role as economic, social, or political 
man. 

Management education—indeed, all education— in 
classifying and conceptualizing, often seems to veer 
towards polarizing along a single scale things that 
might be more effective on separate scales. A company 
needs to meet economic criteria and social responsi- 
bility demands; we have to cope with technology and 
employment; we need to explore ways to meet national 
and multi-national interests; we need the efficiency of 
unitary control and the motivating benefits of owner- 
ship and participation; and managers need to realize 
that reactive and proactive roles are two sides of the 
same coin. 

We have myriad examples in industry of managers 
with this integrative ability, though they seldom have 
time to express it verbally. One of IBM’s secrets of 
success is certainly its ability to create among its 
employees both a high sense of owning their own idea 
or projects, and an equally high sense of membership 


in the work group as well as the corporation. Similarly 
Volvo's president doesn’t worry whether he is economic 
man, social man, or political man when he inspires a 
factory that eliminates assembly lines; neither his 
motives, his justifications nor his actions gain anything 
from the segregation. The ‘technology versus employ- 
ment’ contradiction has also been eliminated in in- 
stances where employees, guaranteed that they will lose 
neither job security nor income, are encouraged to con- 
sider the long-range manning and market implications 
of new technology, and help find new directions for 
growth. (Some Swedish newspapers have made progress 
here.) 

One positive contribution that management educa- 
tion might make to this self-managed learning trend. 
or ‘education permanente’, could be an increased aware- 
ness that tools, techniques, or ‘solutions’ must be 
adapted to specific national, corporate, working group. 
and individual personalities or cultures. In an era where 
we are in danger of swinging pendulum-like along a 
single scale from ‘systems’ to ‘behaviour’ this could be 
a positive, integrating step away from polarization. 


Nancy Foy 
Oxford Centre for Management Studies 
Kennington 
Oxford OX1 SNY 





Omega, Vol. 7, No. 3 


In Defense of Determinism 


Two RECENT OMEGA editorials [1, 2] have seriously 
questioned the validity of attempts to predict structural 
or managerial characteristics in organizations. While 
the editorials specifically criticized the Woodward tech- 
nology-structure model [9] and the Vroom-Yetton 
leadership model [10], both articles were generally 
sceptical about the development of models describing 
or prescribing relationships within organizations. Hav- 
ing recently published research articles questioning 
Woodward's model [3] and supporting other deter- 
minants of structure [4], I agree with the Editor’s view 
that the two models are inadequate while, at the same 
time, arriving at somewhat different conclusions. To 
succinctly summarize their shortcomings, the models 
fail to include relevant predictors; variables are opera- 
tionalized inadequately, although the Woodward model 
is decidedly superior to the Vroom-Yetton model in 
this regard; explanations of linking mechanisms are 
nonexistent; the models are applied to broad categories 
of organizations rather than specific types; and both 
models are presented prematurely for prescriptive (nor- 
mative) purposes. Acknowledging these problems, it is 
too early, on the basis of accumulated research, to 
accept or reject either effort. Therefore, an explanation 
of each of these shortcomings follows, with suggestions 
for future work in the further development of such 
models. 

Woodward's original presentation of technology as 
the single determinant of structure placed her in the 
vulnerable position of explaining all variation in 
organizational structures simply with knowledge of the 
incorporated technologies. As stated in the editorial, 
this explanation was “too simple, too static, too pat” 
[1. p. 499]. A failure, then, to accurately predict the 
structural characteristics of a number of assorted 
organizations on the basis of a single technological 
dimension obviates her model. Such grossly reduction- 
istic stances in the social sciences are easily challenged 
empirically because the world is multivariate in nature 
and efforts to explain phenomena in bivariate terms 
often fall short on the basis of the dearth of information 
provided in dyadic models. Oversimplified models may 
be appealing conceptually, but parsimony (in theory) 
should be achieved only by deleting variables on em- 
pirical grounds. 

The Vroom-Yetton model includes multiple situa- 
tional predictors of ‘management style, but excludes 
a priori the personality of managers and institution- 
alized roles as affecting that style. The assertion that 
a manager's approach in solving a particular problem 
is situation specific assumes that human behavior is 
overly rationalistic and represents as reductionistic a 
position as the Woodward model. The variation in 
management style, ranging from participative to auth- 
oritarian, is presented as a function of the nature of 
the problem and the characteristics of the work group. 
If the situation varies within an organization, or 
between organizations, as a result of heterogeneous 
problems and/or varying characteristics of the work 
group being managed, then the style would be expected 
to change in a specific direction regardless of the 
manager’s particular personality or role within the 
organization. 

In research designs which possess only assigned fac- 
tors with intact groups, as is the case with most organi- 
zational research, the control of confounding effects 
(otherwise accomplished experimentally by random 
assignment) must be achieved statistically by including 


all significant predictors in the model. The predictors 
are included in the model on the basis of a stated theor- 
etical understanding of, in this case, the determinants 
of structure or management style and are deleted only 
when found to explain no variation in the criterion. 
There are obviously multiple sources of managerial and 
structural variation in an organization and, therefore, 
an examination of any single variable’s impact must 
be accomplished within the context of a multivariate 
explanation of that relationship including those signifi- 
cant sources of variation. 

The shortcomings of the Woodward and Vroom 
Yetton models underscore the problems facing theorists 
identifying the determinants of organizational and 
managerial characteristics. Such theoretical approaches 
could share the idea that a criterion, centralization for 
example, is affected by some intra- or extra-organiza- 
tional influences but disagree on the nature and hier- 
archy of those influences. Executive personalities as 
well as worker characteristics might be included as 
determinants of centralization in such models, along 
with organizational size, age, budget, etc. This contra- 
dicts the ‘one best way’ to organize notion and chal- 
lenges the ‘rules of thumb’ administrative approaches 
founded on the early rational models of organization, 
but the burden of proof for these more complex 
explanations lies in the conceptualization of each 
hypothesized determinant’s effect on structure or man- 
agement style. Within this conceptualization, the 
specific dimensions of the criterion and its predictors 
must be clearly operationalized. Lack of clarity results 
in incongruent operationalizations between research 
efforts, such as Hage and Aiken’s [5] use of Hall's [6] 
division of labor scale measuring the extent of struc- 
tural formalization as a measure of technological rou- 
tinization in changing a raw material. While two dis- 
tinct variables may be highly related, a dimension of 
one cannot be correctly operationalized as a dimension 
of the other. 

An issue closely related to the problem of incon- 
gruent operationalizations is the ‘unrationalized cate- 
gorization’ [8] of multidimensional variables such as 
structure or management style. In other words, general 
conclusions about the relationship between structure 
and another variable cannot be made on the basis of 
that variable’s relationship with one dimension of struc- 
ture, such as the hierarchy of authority. Confusion 
results as easily from the lack of distinction between 
various dimensions of a given variable as from the lack 
of distinction between separate variables. 

Another major shortcoming of the two models is a 
failure to explain just how the variables are linked in 
a cause and effect relationship. The descriptions of 
these linking mechanisms are essential to viable theory 
development. If A cannot be linked to B in a theoreti- 
cally convincing manner, empirical support for a rela- 
tionship between A and B is artifactual. For example. 
in a recent study of the effect of ‘time’ on human service 
organizations, the number of years an organization had 
been chartered was hypothesized to decrease centraliza- 
tion and formalization because of the relaxing of con- 
trol functions as the assurance of organizational sur- 
vival increased [4]. In contrast, the average number 
of years workers had been with an organization was 
hypothesized to increase centralization and formaliza- 
tion as the ‘well-worn paths’ of problem solving de- 
scribed by March and Simon [7] are repeatedly tra- 
versed [4]. Each variable is a dimension of organiza- 
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tional ‘time, but each is distinctively and uniquely 
linked to centralization and formalization. The validity 
of such conceptual links is as important an issue in 
evaluating theory as is the assessment and analysis of 
observed covariation between variables. 

In addition to the above requirements, models of 
relationships between organizational variables must be 
delineated for defined categories of organizations. For 
example, I have developed a model of the relationship 
between technology and structure in human service 
organizations which directly contradicts Woodward's 
thesis [3]. The model defines worker discretion as an 
intervening variable which explains the impact of struc- 
ture on technological routinization. This worker discre- 
tion operates within the context of the current state 
of the art of those human services in the sample and, 
for that reason, would not play the same role in more 
highly developed technologies based upon, for example, 
greater knowledge of the raw material. So, it seems 
organizations have been defined too broadly and a 
greater emphasis on the relationships between particu- 
lar variables within given categories of organizations 
is needed. 

In summary, descriptive models such as those pro- 
vided by Woodward and Vroom-Yetton can poten- 
tially establish the multiple determinants of selected cri- 
teria if variables are adequately operationalized and the 
mechanisms which link the variables are clearly con- 
ceptualized for specific types of organizations. If predic- 
tors in the models can then be shown to empirically 
explain a significant portion of variation in the criteria, 
a contribution to the development of theory is made. 
Once the validity of a descriptive model is established, 
prescriptive suggestions for the manipulation of the 
determinants can be derived on the basis of the desired 
value for the criterion. In other words, the prescriptive 
model rests on an understanding of the relationships 


established in the descriptive model. The presentation 
of a prescriptive model preceding the establishment of 
a valid description of the relationships of interest is 
based on speculation and cannot be viewed as offering 
serious normative suggestions. While the present defi- 
cits in the Woodward and Vroom-Yetton models pre- 


vent the realization of either descriptive or prescriptive 
goals, the guidelines offered here can contribute to the 
development of similar models which may achieve both 
objectives. 
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INTRODUCTION 


A COMMITTEE to Review the Functioning of 
Financial Institutions in the United Kingdom 
(referred to as the Wilson Committee after its 
chairman, the ex-Prime Minister) was set up 
in January 1977. A great deal has been written 
and said in the evidence given to it concerning 
the handling of risk when considering the 
financing of investment decisions. However, the 
picture that emerges is somewhat confused and 
this paper aims to consolidate the situation, 
and to examine a number of pertinent issues 
that are raised thereby. 

The word risk is used in a variety of ways 
by different writers: 


(a) In common insurance jargon, risk is the 
maximum loss that an insurer can possibly 
incur when he accepts some proposition. In 
this sense it has nothing to do with the 
chance of that loss incurring, only the level 
of maximum loss that can be incurred. 


(b) A second meaning of the word risk is more 
closely related to chance, for example when 
talking of an application for a loan to fund 
some venture. A risky opportunity in this 
sense is one whose chance of success is rated 
low. Gilt-edged stock is referred to as ‘risk- 
free’ implying that the probability of the 
loss of capital or failure to pay interest 
when due (in a money sense) in such cir- 
cumstances is taken as zero, in contra-dis- 
tinction to the loan stocks of industrial 
companies where both the capital put up 
by the investor and the interest payments 
contain an element of risk. 


(c) A third use of the word risk is that con- 


tained in the phrase risk premium. Suppose 
that a house is worth £20,000 and the 
chance of its being destroyed is 1/1000 in 
a given year. Then the true, or pure, pre- 
mium to cover this risk is £20,000 x 1/1000 
or £20. However, on shopping around, the 
minimum premium quoted by an insurance 
company is found to be (perhaps) £35. If 
you accept this quote, the difference 
(£35-£20) or £15 is sometimes referred to 
as the risk premium. In this sense it is the 
excess, over the true or pure premium, that 
you are prepared to pay to avoid the poss- 
ible loss of £20,000 occurring. (It should be 
noted that the term risk premium is also 
used On occasions as being equal to the 
total quoted office premium itself, i.e. the 
pure premium plus the risk premium 
defined above.) 


In this paper we use the word risk in the 
sense of para (b) above, namely as synonymous 
with the chance or probability of failure or loss 
occurring. The term /oss then relates to the 
consequence of the occurrence of a failure. The 
term risk capital is reserved for the situation 
where mony is advanced in a situation having 
risk (i.e. probability of loss greater than zero) 
without security to the lender. 


RISK AND RETURN 


The cost of money to the borrower (or 
return expected by the lender) varies according 
to the class or degree of risk involved. Thus 
the rate of return required by the lender is low- 
est on a gilt-edged or risk-free situation. There 
is then a steady progression upwards in the 
interest rate required. Local authority loans are 
regarded as virtually risk-free, but are not state 
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guaranteed, and hence require a slightly higher 
rate of interest. (The failure of the Mersey Docks 
and Harbour Board a few years ago where the 
Government did not underwrite the capital is 
an illustration in point). The debentures of 
first-class industrial companies will come next, 
followed in turn by those for second line com- 
panies. Returns on equity (ordinary shares) will 
be higher still, but these are complicated first 
because they are not fixed, and secondly 
because the return is basically a mixture of 
capital and interest. But the ‘expected’ return 
will be higher than for a debenture from the 
same company as the latter ranks higher in 
safety than the equity. 

It seems to have been well established by 
the Wilson Committee [3] that where projects 
are ‘risk-free’ there are generally adequate 
funds available to support them, although this 
will commonly require the lender to provide 
security at least equal to the loan capital 
sought in order to make a situation risk-free 
to the lender. Since both the funds themselves, 
as well as the terms and conditions on which 
they are lent, are likely to be conditioned by 
whether or not the situation is a gilt-edged one, 
efforts will naturally be made to ensure that 
this is seen to be the case whenever possible. 
Such desires are well illustrated by situations 
such as those relating to the National Enter- 
prise Board and British Leyland where-‘letters 
of comfort’ [9] were written to assist in obtain- 
ing commercial funds for the latter on advan- 
tageous terms. 

Small firms with few or no assets, but good 
ideas, can often only arrange funds by indivi- 
dual guarantees which convert the loan to a 
risk-free status, but nevertheless consequen- 
tially place a burden on the guarantors. At one 
level the onus can be put back entirely on to 
the borrower, e.g. a bank advancing on a situ- 
ation with risk attached doing so only against 
security or a guarantee, which effectively 
removes the risk from the lenders and leaves 
it with the borrower. This does, of course, pre- 
suppose that the realisable value of any assets 
pledged matches the bank advance. Banks have 
suggested that this is not always the case when 
it comes to the crunch and, to this extent, the 
bank is taking some of the risk from the bor- 
rower. It seems to be a further common maxim 
that a bank (or other lender) will advance half 
the money required (on security) if the bor- 


Moore—Handling Financial Risks 


rower provides the other half. The lender 
regards such a procedure as one that guaran- 
tees-complete motivational commitment on the 
part of the borrower in both risk-free and risk 
situations. A prudent man (or lender) spreads 
his risks, but it would seem illogical to expect 
a man who has his know how, but no spare 
capital beyond perhaps that sunk in his house, 
to risk all on one venture. Such an approach 
towards lending means that it is commonly 
easier, cheaper and safer to take over an exist- 
ing small company than to start up completely 
from scratch, since it is then simpler to provide 
the guarantees required in the form of bricks 
and mortar as well as to demonstrate a track 
record for the organisation. 


THE TIME FACTOR 


Risk statements must have their units made 
explicit. Thus the statement that ‘at 1 in 1000 
a risk becomes unacceptable’ [1], can be mean- 
ingless unless we are clear as to whether it is 
a unique once and for all happening, or it is 
something that could occur at any moment 
over a period of time. For example if we say 
that the risk of a motor car being involved 
in an accident is 1 in 1000 do we mean per 
quarter. per 100 hours of exposure on the road, 
per thousand miles travelled, or what? 

The same is true of financial risks. If a pro- 
ject is assessed as having a 1 in 100 chance 
of complete failure with the loss of the £100,000 
capital involved the time scale is important. 
Suppose, the whole project is to last one month 
and the risk free cost of the loan is 12% per 
annum or 1% per month. The cost of the loan 
might then be an administrative charge A plus 
1% of £100,000 (or £1000) plus a risk premium 
of a further 1% of £1000 giving a total cost 
for the month of A + £2000. Suppose alterna- 
tively that the project period is one year, with 
the same assessed risk of failure occurring in 
the whole period. The true cost now would be 


A + £12,000 + £1000 or A + £13,000 


and not 


A +12 x £2000 or A + £24,000. 


Conversion of variable loss amounts and levels 
of risk into one charge to be added to the inter- 
est rate is a normal pre-occupation for an actu- 
ary, but is commonly dealt with in commercial 
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lending by subjective adjustments to the inter- 
est rate required rather than by considering the 
risk and time periods separately. 

A refinement of this situation occurs when 
the ‘amount at risk’ and the ‘level of risk’ both 
vary over time. The maximum possible loss 
may only occur over a relatively short period 
of time whilst in other periods the possible loss 
is considerably less. Neglect of time consider- 
ation can lead to over-emphasis on the maxi- 
mum risk situation and the cost to be incurred 
by carrying such a risk overemphasised. 


RISK INVESTMENT 


Once an element of risk is present in a pro- 
posal, ways of handling it must be sought. First 
a distinction should be made between the 
various types of finance required and the 
amounts of each that are at risk. The three 
main types are as follows: 


(i) money to pay for capital equipment; 


(ii) money to cover operational losses in 
start-up period—e.g. salaries uncovered by 
sales; 


(iii) money to fund receivables (i.e. working 
capital). 


The relative proportions of these three kinds 
of money varies enormously from one situation 
to another. Setting up an hotel might have a 
high proportion under (i), with much smaller 
proportions under (ii) and (iii). Setting up a 
small consultancy service would have high pro- 
portions under both (ii) and (iii) but virtually 
nothing under (i). If such ventures fail, type (i) 
money would be lost in part, type (ii) com- 
pletely and type (ili) perhaps only in very small 
part. Should the various items be lumped 
together indiscriminately the total funds 
advanced are equated to the total amount at 
risk and the latter thus appears to be rather 
higher than would be the true situation. 
Figure | shows the profile for a start-up situ- 
ation for a new small company formed recently 
to market a financial advisory service. It 
demonstrates a situation where the amount 
outstanding at risk is always less than the total 
amount of funds required (due to creditworthy 
debtors outstanding), whilst the maximum loss 
level only exists for a relatively short period. 


Loan outstanding 


¢ 
7 Risk 
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‘ 
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Fic. |. Money on loan and at risk. 


UK institutions sometimes appear to treat the 
various types of money as if they are the same, 
whereas US institutions are rather more 
specific in separating out the different cate- 
gories. It is true that there are specialist ser- 
vices (factoring) available to cover item (iii) but 
these are sometimes difficult to mobilise for the 
very small firm dealing with a multiplicity of 
clients. 

A second difficulty occurs when the ratio of 
(11) to (i) is high, e.g. in setting up a small 
consultancy type of service, so that there are 
virtually no assets to pledge as security for the 
loan. This is a severe brake on the development 
of service type organisations as opposed to 
manufacturing organisations. It is an area that 
remains very much open for further action, 
particularly having regard to the view com- 
monly advanced that growth in the economy 
is likely to rest primarily with the service 
sector. 


THE DIMINUTION OF RISK 


There is a natural desire, on the part of both 
borrowers and lenders, to eliminate or at any 
rate reduce, risk in any financial venture. 
Efforts to achieve this can proceed in three 
main ways. 


(1) First, the project can be subjected to 
detailed and extended preliminary study 
e.g. by building prototype models, by mar- 
ket research activities or even pilot oper- 
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ations. Such measures could reduce risk but 
usually not completely eliminate it. 


(2) A second way in which risk can be reduced 
is via a multi-stepwise decision system. For 
example in exploration work for minerals 
one large firm put the initial odds against 
a profitable mine at 5000 to | when a con- 
cession on land is taken up after a rough 
geological, economic and political scan. If 
geochemical work then done is promising 
the odds improve to 1000 to | against. The 
next stage is preliminary drilling and, if this 
is successful, the odds improve further to 
25 to | against. Finally, if the project stage 
of detailed drilling is successful the odds 
narrow to 4 to | (2). This is again a situ- 
ation in which the risk is reduced, but not 
completely eliminated. 


(3) A third way is to look round for a means 
of sharing or pooling the risk with some 
other organisation or individual. This can 
be done in a number of ways, e.g. partial 
government aid, or a special issue of shares, 
or some form of joint venture undertaken 
by a consortium rather than an individual 
company. The aim in such approaches 
would be to try to ensure that, should the 
project go sour, the sponsoring organisa- 
tion is not crippled as much as it -would 
otherwise have been, although normally 
this can only be achieved at a price that 
creams off some of the potential gain. 
Notice, however, that the risk has not been 
eliminated as such but merely transferred 
to a greater number of stakeholders. An 
example of this can be seen in the workings 
of the Policyholders’ Protection Act of 
1975. This requires life assurance com- 
panies to contribute up to 1% of their pre- 
mium income in any one year to guarantee 
payments to the policyholders of any insur- 
ance company which fails. Thus the risks 
are being transferred from the policyholders 
of the bad insurance company to those of 
the ‘good’ insurance companies. Some of 
the credit guarantee systems used in various 
countries, such as the USA, for the develop- 
ment of small businesses take the form of 
a precept on the successful for the support 
of the failures. A further, and more positive, 
example of consortium risk sharing is the 


formation in Scotland of Seaforth Maritime 
which has effectively been a joint activity 
which has resulted in participation in a 
high-risk venture (North Sea Oil) on attrac- 
tive terms with proven management (4). 


LENDING RATE RELATIONSHIP 
WITH RISK 


There is very little hard evidence about the 
way in which lending organisations relate the 
cost of lending to their assessment of the risks 
concerned. We know from an examination of 
the annual accounts of American banks that 
their loss ratios (expressed as a percentage of 
the amount of money lost in a year through 
default in relation to the average loans out- 
standing in that year) are around half a percent 
per annum for commercial and _ industrial 
loans, and a little higher for personal loans. 
These figures vary slightly from year to year 
and from bank to bank, but the figures quoted 
appear to be representative. We do not have 
equivalent figures from British clearing banks, 
but we know (from discussion) that over a 
period of nearly 30 years the Industrial and 
Commercial Finance Corporation (now an arm 
of Finance for Industry) have found that an 
average annual provision of 0.6% in their 
accounts has covered the losses made. Further- 
more, informal discussion with a number of in- 
ternational banks in London suggests that it 
is common policy to make an annual 1% pro- 
vision against debts occurring in their books, 
and that this provision has, generally speaking, 
been on the safe side. 

If figures such as these are representative of 
the UK banking scene, this would seem to im- 
ply that banks have an average probability of 
total loss (or risk) of 0.01 on each individual 
advance on an annualised basis, although pre- 
sumably this is made up of a number of situ- 
ations with varying risks of loss such that the 
average annualised risk weighted by the size 
of the loss, works out at 0.01. Furthermore, 
the interest rate charged would presumably be 
the rate appropriate to a risk free investment 
(gilt-edged), plus 1% for risk, plus an adminis- 
tration charge. The Industrial and Commercial 
Finance Corporation has confirmed in discus- 
sion that, once a proposal is accepted, the 
terms are virtually the same and do not vary 
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greatly with any perceived variations in risk 
amongst the accepted proposals. 

Many margins are, it is true, higher than the 
1% mentioned above and this is particularly 
the case with lending to persons where they 
can rise as high as 12%. Banks have suggested, 
however, that a more normal range for the risk 
margin is from %% (which would be regarded 
as rather on the low side) to about 4%, the 
latter being for small companies and persons. 
The margins are more linked to the category 
of borrower than the particular project con- 
cerned. It would seem that the high interest 
rates at present occurring tend to leave little 
room for risk-taking of an equity type which 
is really more suitable for many high risk ven- 
tures (dividends can only be paid from profits 
generated so extremely high rates of profit are 
necessary to make it a superior form of invest- 
ment for an investor). Correspondence with Mr 
A Gibb of the Durham University Business 
School suggests that in the clearing bank mar- 
ket there is little scope for taking higher risks 
compensated for, say, by higher interest rate; 
the emphasis is on a low risk profile. This may 
be partly due to the fact that, unlike equity 
investments, the possible return from a loan 
arrangement is truncated at the upper end. It 
is not uncommon, however, for other lenders 
of loan capital to demand a share of the equity 
as part of the price for making a loan. A recent 
small business set-up was achieved with a 
£10,000 loan from the founders, a £7,500 loan 
at base rate plus 3% from a company that 
wanted to be associated who in turn also 
demanded 41% of the nominal £100 equity. 
Banks were not prepared to lend without 
further personal security as the company was 
in a service industry and would have few physi- 
cal assets. 

Many would be borrowers are not willing 
to give up large slices of equity as a condition 
for a loan and do not proceed with their pro- 
jects for this reason. It has been suggested that 
loan guarantee systems could overcome such 
problems, but this can still saddle an organisa- 
tion with debt and interest payments when it 
really needs a substantial equity injection. 


JUDGEMENTAL GATES 


There seems to be some evidence that the 
market does not operate in a way in which 
it assesses risks and shades interest margins to 
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correspond, but rather sets up some technical 
barrier and does not allow items assessed 
above that limit to receive funds at all. 

To illustrate how such an approach might 
operate imagine a large set of projects (or pro- 
posals) being assessed and rated as to expected 
return by some analytical cum judgemental 
approach in advance, and that one then subse- 
quently knew what happened, assuming the 
funds to have been granted. The relationship 
between the assessed and actual returns would 
presumably be something along the lines 
demonstrated in Fig. 2. The vertical axis shows 
the return achieved if the project concerned 
went ahead. The frequency distribution of 
returns has been laid on its side against that 
axis. Similarly the horizontal axis illustrates the 
frequency distribution of the prior judged rate 
of return that would be achieved for each one 
of the same set of projects. The body of the 
diagram illustrates the inter-relationship. 

Now, ideally the relationship between rating 
and outcome would be a perfect one falling, 
say, along the line AB. This would enable a 
rating level to be selected that would guarantee 
that all projects over this rating would reach 
some corresponding actual return. (Or alterna- 
tively allow the terms of lending to be directly 
related to the anticipated return.) In practice, 
the line AB might represent only the average 
rate of return achieved by all the projects rated 
at some level L, and there would be a distinct 
spread of actual returns about the line. This 
spread is indicated by the shading, the thicker 
shading representing the more common com- 
binations of rating and outcome, the lighter 
shadings the less common combinations. 

If Cy represents the acceptable level of return 
that it is desired to achieve, then the judgemen- 
tal criterion L can be selected to try to meet 
that requirement. The further the cut off level, 
Lo, below which projects are rejected, is moved 
to the right, the greater will be the chance that 
the achieved return exceeds Cy and vice versa. 
On the other hand the further Ly moves to 
the right the fewer the projects allowed through 
the sieve and, as a consequence, the larger the 
number of projects that would have exceeded 
the Cy level that are turned down. 

An immediate question to ask, therefore, is 
whether the direct relationship between Land 
C cannot be improved through better forecast- 
ing techniques. This would be equivalent to 
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reducing the lesser shaded areas of Fig. 2, and 
trying to concentrate the shading closely 
around the line AB. If this could be done, then 
it would be possible to choose, in the ultimate 
ideal situation, a cut-off level Ly such that all 
investment projects that would fall below Co 
are rejected. 

Evidence given to the Wilson Committee 
from a variety of sources suggests that it is 
general lending policy to keep the risks as low 
as possible, i.e. that the gate being set is a high 
one. Whilst the argument for this is primarily 
that for other cases the required interest rate 
would be too high to be acceptable to the bor- 
rower, it is more likely that the reason lies in 
the difficulty that lenders have in discriminat- 
ing between a 1% risk situation and a 3% risk 
situation (say). Thus the aim of the lender is 
to train himself first to recognise a risk situ- 
ation and then to recognise an acceptably low 
one; he does not feel able to discriminate 
between various shades of risks. Einham and 
Hogarth [5] discuss how judgement can be re- 
inforcing—a waiter gives bad service and an 


inconvenient table to a young couple whom 
he thinks will tip poorly; when they do so it 
reinforces his view that young people tip 
poorly. The same can be true in the judgemen- 
tal field of assessing risks and _ allotting 
resources. Moore [7] discusses some of the dif- 
ficulties that arise in assessing low levels of risk 
and methods used to overcome the difficulties. 


RISK AND UNCERTAINTY 


Industrial practice is to distinguish between 
the meanings given to the two words risk and 
uncertainty. The former term is reserved for 
situations where quantification of the risk con- 
cerned would have a general measure of agree- 
ment between a number of experts working in 
the relevant field. It is then felt reasonable to 
apply the usual rules of probability to the 
assessments. made. 

Common practice is then to separate out 
other areas of doubt where it is felt that such 
probability estimates cannot be made on any 
reasonable and agreed basis; the situations are 
then labelled with the term ‘uncertainty’. 
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Examples cited in this context are political un- 
certainties such as nationalisation, or economic 
uncertainties such as inflation. Statisticians 
would argue that there is no real distinction 
between risk and uncertainty as defined here, 
and that a distinction is really being made 
between repeatable and non-repeatable events. 
Even this distinction is untenable in practice 
(see, for example, [6] Chapter 2) and hence the 
notion of two kinds of events is basically un- 
real. Nevertheless, the distinction persists in the 
minds of many practitioners and seems to re- 
flect, not so much a challenge to the existence 
of a probability, but a recognition that in some 
cases the assessments of probability of some 
event made by a number of individuals would 
vary greatly (uncertainty) whereas in other situ- 
ations (risk) they would tend to have broad 
agreement. 

Inability to reach such agreement does not 
mean that decisions involving such uncertain- 
ties can be eliminated. There is general agree- 
ment that uncertainties of the environmental 
kind affecting business operations have in- 
creased enormously. Large firms are particu- 
larly affected by a number of political uncer- 
tainties; all firms are affected by uncertainties 
concerning growth, inflation, energy crises, 
profitability, industrial relations etc. Such 
uncertainties seem to show very few signs of 
diminishing, and one of the consequences must 
be that firms will tend to delay investment 
decisions until they feel that the uncertainties 
have been reduced to an acceptable (or indeed 
assessable) level. The asymmetry of returns 
from new investment makes this caution vir- 
tually inevitable, but it has the consequence 
that there are delays in taking up opportunities 
that would otherwise have been taken earlier 
and is one effect of the persistence of inflation 
at the present time. 

Some of these uncertainties cannot be elim- 
inated either by governments or the firms 
themselves; for example, the market for some 
product in Africa in five years’ time. There are, 
however, other uncertainties that are more 
within domestic control, e.g. taxation policies, 
employment acts, interest rates etc. It would 
seem likely that the more the uncertainty about 
the latter can be reduced or eliminated the 
more the rate of investment in industry and 
other bodies is likely to stabilise at a high level. 
(See, for example, Nickell [8].) Investment may 


well be put off to try to time the interest rate 
minimum correctly as this is commonly fixed 
for a long time ahead, and tends also to be 
related to the price at which equity can be 
raised. The consequence is that peaks and 
troughs in the economic cycle are exaggerated 
rather than reduced by frequent Government 
actions that increase uncertainty. 


CONCLUSIONS 


This short paper raises a number of issues 
that are of some concern to those responsible 
for borrowing or lending money in situations 
that are not ‘risk free’, of which the following 
are the most noteworthy: 


(a) Risks cannot be eliminated completely, par- 
ticularly in a growth economy, but they can 
be reduced or shared. 


(b) The cut-off point for lending may be put 
at too low a level of risk with consequential 
diminution of the amount of successful in- 
novation undertaken. 


(c) Systems of, and costs of, lending are not 
generally geared very markedly with the 
level of risk concerned and confusion may 
occur between levels of risk, amounts at 
risk and the variations of these over time. 


(d) Lenders may require levels of equity par- 
ticipation to be associated with loans that 
are unacceptable to the borrowers for moti- 
vational reasons. 


Lending for services (where idea plus work 
in progress are the main ‘security’) is not 
sO easy to come by as for manufacturing 
purposes. 


More efforts need to be made to assess 
levels of risk rather than to concentrate on 
a no risk/acceptable risk form of classifica- 
tion. 


REFERENCES 


. AsHByY Lorp (1977) The subjective side of assessing 
risk. New Scientist 74, 398-400. 

- CHEESEWRIGHT P (1978) Mineral exploration: pay now 
and hope to collect late. Fin. Times, Feb 7. 





Moore—Handling Financial Risks 


. Committee to Review the Functioning of Financial 
Institutions (1977) Progress report on the financing of 
industry and trade, HMSO. 

. Committee to Review the Functioning of Financial 
Institutions (1978) Financing of North Sea oil. Research 
Report No 2, HMSO. 

. EINHAM HJ & HOGARTH RM (1978) Confidence in 
judgement: persistence in the illusion of validity. Psy- 
chol. Rev. 85(5), 395-416. 

6. LINDLEY DV (1971) Making Decisions. John Wiley, 
London. 


. Moore PG (1977) The manager’s struggles with uncer- 


tainty. JI R. Statist. Soc. 140, 129-165. 


. NICKELL SJ (1977) The influence of uncertainty on 


investment: is it important? Econ. Jl 87, 47-70. 


. STEVENSON H (1978) Letters of comfort. The Times, Jan. 


30. 


ADDRESS FOR CORRESPONDENCE: Professor PG Moore. 


London Business School, Sussex Place, Regent's Park, 
London NW1 4SA. 





OMEGA. The Int. JI of Mgmt Sci. Vol. 7. No. 3. pp. 191 to 205 
© Pergamon Press Ltd 1979. Printed in Great Britain 


0306-0483 /79 0601-0191 $02.000 


A Risk Analysis of an LNG Terminal 


RALPH L KEENEY 


RAM B KULKARNI 


KESHAVAN NAIR 


Woodward-—Clyde Consultants, California, USA 


(Received in January 1979) 


I. INTRODUCTION 

EVEN THOUGH the domestic supply of 
natural gas is declining, there are strong argu- 
ments in favor of its continued use: it burns 
cleanly; an efficient distribution system exists; 
and consumers prefer gas as the fuel for heat- 
ing homes and other buildings. One solution 
to the declining domestic supply problem is to 
import natural gas—the liquefication and 
transportation of natural gas is a well-devel- 
oped technology. The major concerns about 
the large-scale importation of liquefied natural 
gas (LNG) are related to safety. This paper 
presents an analysis of the public risks associ- 
ated with operating a proposed facility to im- 
port liquefied natural gas. 

The El Paso LNG Company and its subsi- 
diaries plan to build and operate a marine ter- 
minal and LNG vaporization facility, named 
La Salle Terminal, in Matagorda Bay, Texas. 
Matagorda Bay, located approximately 120 
miles southwest of Houston on the Texas Gulf 
Coast, is not a densely populated area. 
Although there are no cities or major towns 
in the vicinity of the proposed terminal, there 
are some small towns (see Fig. 1). 

The La Salle Terminal is designed to process 
one billion cubic feet of natural gas per day. 
This LNG, which will be obtained from 
Algeria, will be delivered to the terminal by 
a fleet of LNG carriers. There will be approxi- 
mately 143 LNG carrier arrivals in the facility 
per year, and each carrier will deliver approxi- 
mately 125,000 cubic meters of LNG per 
arrival. After an LNG carrier berths, the LNG 
will be transferred via cryogenic piping to three 


LNG storage tanks, each of 100,000 cubic 
meters capacity. The LNG will be indepen- 
dently withdrawn from these tanks, revapor- 
ized, and then piped to consumers via a high- 
pressure intrastate pipeline. 

All phases of the design, construction, and 
operation of the La Salle Terminal and LNG 
Carrier Fleet will employ special safety pro- 
cedures and techniques. The La Salle Terminal 
LNG storage tanks will be located in diked 
areas and will be designed to minimize any 
possible spillage. The LNG carriers are of spe- 
cial double-hull and double-bottom construc- 
tion, and will use sophisticated anti-collision 
and navigational systems. Special US Coast 
Guard operating procedures which apply to 
LNG carriers in US waters and Matagorda 
Bay will be followed. Fire-protection and con- 
trol equipment designed to deal with LNG 
fires will be constructed and maintained at the 
facility. 

All of these safety considerations are 
designed to reduce to an extremely low level 
the likelihood of an LNG accident that could 
result in consequences to the public. However, 
such an event is possible. The estimation and 
evaluation of the risks to the public from the 
operation of such a facility is an important 
element in determining the feasibility. of the 
project and in obtaining approval from the 
appropriate regulatory agencies. This analysis 
examines the public risks. 


Problem statement 


The problem statement for the risk analysis 
of the proposed La Salle Terminal was to 
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examine the public risks from releases of LNG 
due to natural and external man-made events 
and accidents due to project operations. 

To create a potential for public fatalities as 
a result of the construction and operation of 
the La Salle Terminal Facility, a series of 
events must occur in a particular sequence. 
First, an initiating event such as a ship colli- 
sion or a_terminal-equipment malfunction 
resulting in a spill of LNG must take place. 
Because of the nature of the circumstances 
required to cause such a spill, it is very likely 
that the spill would be immediately ignited. If 
it is ignited, a spill pool fire will result. In the 


unlikely event that the spill does not immedi- 
ately ignite, the very cold (—260°F) LNG 
rapidly evaporates, forming a _ negatively 
buoyant LNG plume. Under certain weather 
conditions (defined by wind speed and direc- 
tion and stability class), this plume may be car- 
ried to an area occupied by the public. The 
mixture of vaporized LNG and air is such that 
the vapor cloud may ignite as a result of con- 
tacting an ignition source, such as a gas pilot 
light, the flame of a cigarette lighter, or an elec- 
tric spark. If the vapor cloud does not ignite 
within a certain length of time it will disperse, 
as the ratio of vaporized LNG to air will be 
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too low to allow ignition. Individuals caught 
in a spill pool or vapor cloud fire, or exposed 
to high thermal radiation levels causing severe 
burns, may become fatalities. 


I]. APPROACH: 
THE RISK ANALYSIS MODEL 


A schematic representation of the La Salle 
risk analysis model is given in Fig. 2. The 
model can be divided into three components: 


@ Development of accident scenarios and 
their associated probabilities. 


@ Quantification of public risks. 
@ Evaluation of public risks. 


Because of the complexities of any risk analy- 
sis, simplifying assumptions must be made. The 
spirit of this analysis required that all assump- 
tions be stated explicitly and conservatively. 
That is, these assumptions will cause the analy- 
sis to over-estimate the public risks. 


Development of accident scenarios and their as- 
sociated probabilities 

An accident scenario is a sequence of events 
that must occur for public risk to exist. Ele- 
ments | through 5 of Fig. 2 constitute develop- 
ment of the information necessary for formu- 
lating the accident scenarios. Figure 3 provides 
a pictorial representation of such a sequence 
of events. 

An accident scenario corresponds to a 
specific sequence of branches in the event tree 
of Fig. 3. A representative accident scenario 
could be described as follows: An LNG carrier 
collision occurs in the harbor, releasing an 
LNG spill of a certain size. There is no imme- 
diate ignition, so a vapor cloud forms. The 
wind is from the east at 10 miles per hour with 
Pasquill stability! class D. The eighth ignition 
source ignites the vapor cloud. 

As indicated by this chain of unlikely events, 
each element of the accident scenario must 
take place either simultaneously or in a specific 
order. In the risk analysis model, the annual 





'The Pasquill stability class is an indicator of atmos- 
pheric mixing potential. The mixing potential decreases 
from Class A through Class G. In this study, conditions 
are such that only classes A through F are necessary. 


probability of a particular scenario is the 
product of the following factors: 


@ Annual probability of the initiating acci- 
dent, 


@ Probability of no immediate ignition for 
that accident, 


@ Probability of the wind direction, 


@ Probability of the wind speed and stability 
class given that wind direction, and 


@ Probability that the n'" ignition source 
ignites the vapor cloud. 


Similarly, the probability of a particular 
accident scenario which results in a pool fire 
is equal to the annual probability of the initiat- 
ing accident multiplied by the probability of 
immediate ignition. 

Accident scenarios were constructed for all 
combinations of the individual events, and 
their probabilities calculated. 


Quantification of public risks 

The purpose of the risk quantification study 
is to compute the public risks due to LNG 
terminal operations. Four categories of public 
risk were examined in this analysis: 


@ Societal risk—total expected fatalities per 
year. 


@ Individual risk—probability of an indivi- 
dual exposed becoming a fatality per year. 


@ Group risk—probability of an individual in 
a specific group exposed becoming a fatal- 
ity per year. 


@ Risk of multiple fatalities—probability of 
exceeding specific numbers of fatalities per 
year. 


Once the probabilities of all accident 
scenarios are determined, the probability Pr(x) 
of x fatalities is calculated from 


Pr(x) = ¥’ Pr(x/S;) PriS)), (1) 


where Pr(x/S;) is the probability of exactly x 
fatalities resulting from accident scenario §; 
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and P(S;) is the annual probability of scenario 
S;. The expected number of fatalities F(S;) due 
to accident scenario S; is calculated from 

F(S;) = ¥. x Pr(x/S). (2) 


These formulas provide the basis for quantify- 
ing all of the public risks. 

Societal risk is indicated by the expected 
number of fatalities F per year. This is calcu- 
lated from 


F = Pr(S)F(S)), (3) 


where the contributions of all possible accident 
scenarios are summed together. 

Individual risk is measured by the annual risk 
level R to an individual in the population 
exposed to possible risks from LNG. This is 
found by dividing the expected number of 
annual fatalities by the total number N of 
people exposed, yielding 


R= (4) 


F 
“ 
This risk level is the probability that an 
exposed individual will be a fatality in a 
specific year. 

If for each accident scenario S; the expected 
fatalities Fg(S;) to individuals in group G is 
tabulated, the overall expected fatalities Fg 
per year to group G is found to be 


fo= 2 Pr(S\)F ¢(5j). 0) 


The individual risk Rg in a particular group G is 


Fg 


re 
G Nc 


(6) 
where Ng is the number of people in the 
group G. 

The risk of multiple fatalities is given by the 
probability that the number of fatalities in a 
given year is equal to or greater than a specific 
level y. This can be calculated directly from 
(1). It is simply the sum of the probability of 
y fatalities, y + 1 fatalities, and so on. Hence 

Pr(fatalities > y) = ) Prix). (7) 


x2y 
Risk evaluation 


There are no generally accepted criteria for 





? Details of these analyses are provided in [1], Appendix A. 


evaluating public risk. The approach used in 
this analysis was to compare risks generated 
from this project with existing risks to the pub- 
lic and risks from alternate energy sources, and 
with acceptable levels of public risks suggested 
in the literature. 


III. DEVELOPMENT OF ACCIDENT 
SCENARIOS AND THEIR 
ASSOCIATED PROBABILITIES 


The elements of this step of the risk analysis 
consist of determining: (1) probability, size, and 
location of potential spills; (2) probability of 
vapor cloud formation and downwind travel 
and probability of immediate fire; and (3) 
probability of the location and size of cloud 
at ignition. 


Probability, size, and location of potential spills 


The events that can cause spills can be cate- 
gorized as follows: 


@ Natural hazards (e.g. hurricanes, earth- 
quakes) which affect the facilities. 


@ External manmade hazards 
crashes) which affect the facilities. 


(aircraft 


@ LNG Carrier Fleet accidents. 
@ La Salle Terminal accidents. 


Several analyses were conducted to deter- 
mine the probabilities that each of these events 
would result in LNG spills. Particular atten- 
tion was focused on those spills that would 
have a potential of resulting in public fatalities. 

Natural hazards. The potential risks due to 
various natural hazards, including earthquakes, 
severe winds, storm waves and tsunamis, and 
meteorites were investigated. Essentially, none 
of these natural events contributes significantly 
to the public risk in comparison to the risks 
associated with other types of accidents. A 
summary of the risks from natural hazards 
follows.? 

Using conservative estimates, the likelihood 
that an earthquake would produce a ground 
acceleration at the La Salle Terminal site large 
enough to exceed the design specification of 
the storage tanks is approximately 10~'' per 
year. Even if the tank did rupture with such 
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an earthquake, the analysis for the onshore 
facilities indicates that public risk is essentially 
nil. There is a higher probability of pipe breaks 
than of storage tank failure due to ground 
motions, but the analysis indicates that the 
results are inconsequential to public risk. 

The main source of severe winds in the 
vicinity of Matagorda Bay is hurricanes. The 
primary concern with wind is its effect on the 
storage tanks, since all LNG carriers will leave 
and remain outside of Matagorda Bay if any 
winds greater than 60 mph are forecast or 
observed. The tanks are designed to withstand 
an instantaneous gust of 217 mph and a one- 
minute wind of 166 mph. Meteorological data 
[2] indicate that a one-minute wind of 166 mph 
occurs once every 100 years, which is twice as 
frequent as an instantaneous gust of 217 mph. 
Hence, it is assumed that a storage tank may 
begin to fail with probability 1.5 x 10~? in any 
given year. However, even if the tank failed 
completely, either a pool fire would burn on 
the site or the wind turbulence would disperse 
the vapor plume before it passed terminal 
boundaries. 

There are no known faults capable of gener- 
ating significant tsunamis in Matagorda Bay. 
Extrapolating data from the storm-wave analy- 
sis, the likelihood of damage that could result 
in public risk from terminal accidents was 
found negligible. Operating policy requires that 
in storm conditions all LNG ships will leave 
Matagorda Bay. Since sufficient warning of im- 
pending large waves would be available, the 
possibility that large waves would cause ship 
accidents and contribute to public risk is 
assumed to be negligible. 

Using data on meteorite-impact likelihoods, 
the probabilities of a meteorite penetrating a 
ship’s tanks in the entranceway to the harbor 
or at the pier were calculated to be 3.23 x 
10-19, 5.49 x 107°, and 9.32 x 107° per year 
respectively, or essentially negligible, since the 
probability of the event is over two orders of 
magnitude smaller than the probability of ship 
collisions. Hence, further analysis of this possi- 
bility was not conducted. The likelihoods of 
penetration of terminal storage tanks and rup- 
ture of terminal pipelines were also calculated. 
Since potential risks following accidents in 
these cases would be contained within the ter- 
minal boundary, they were not investigated 
further. 
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External manmade hazards. The potential 
risk from LNG accidents initiated by aircraft 
accidents was analyzed. The likelihood of an 
airplane crashing into the storage tanks, the 
LNG pipelines at the terminal, a tanker at the 
marine-terminal pier, or a tanker in the ship 
channel was calculated. Because there are no 
major airports in the vicinity of Matagorda 
Bay, aircraft accident statistics for general avi- 
ation were used in these calculations. The main 
contributing factor to aircraft-ship accidents in 
the ship channel is the operation of small 
planes at the local Port O’Connor airstrip. 

There is also a helicopter landing site in Port 
O’Connor, from which approximately 25 
flights leave daily for oil platforms in the Gulf 
of Mexico. Three companies operate these 
flights. Accident possibilities from these flights 
are not included in the calculation, as it is 
assumed that flight patterns can be arranged 
to avoid operations in the area where the LNG 
carrier will operate. 

If an airplane crashes into the storage tanks 
or LNG pipelines, for reasons discussed earlier 
it is assumed that there is no risk to the public. 
For crashes into ships, it is assumed that the 
spill would be 10,000 cubic meters in 12 min- 
utes. 

The potential risks due to sabotage are 
qualitatively examined. It would appear essen- 
tially impossible to eliminate the likelihood of 
sabotage by determined saboteurs. However, it 
is very likely that immediate ignition would 
occur due to the violence required to release 
the LNG in the first place. In the broader 
sense, the decision to allow LNG import 
terminals anywhere in the US implies that such 
risks must be taken. 

Onshore and marine terminal accidents. Wes- 
son and Associates, Inc. (WA) conducted an 
analysis of the potential consequences resulting 
from accidental LNG spill events in the 
Onshore and Marine Terminal Facilities. 
Specifically, the downwind vapor dispersion 
characteristics and thermal radiation levels 
were calculated for postulated spill events in- 
cluding maximum credible spills on the pier, 
spills in the unloading and sendout transfer 
piping systems, and spills from the LNG stor- 
age tanks and associated piping. 

The postulated LNG storage tank spill is im- 
pounded in a diked area surrounding each 
LNG tank. LNG spill collection troughs, run- 
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off trenches and remote impounding basins are 
provided for all other spill events. This assures 
that any accidental release of LNG and its sub- 
sequent spreading is contained at all times 
within the plant boundaries. 

All spill impounding areas, including the 
LNG storage tank diked areas, are provided 
with automatic vapor dispersion and fire con- 
trol systems. These systems insure that no ther- 
mal radiation or vapor dispersion hazards exist 
at any plant boundary line under any set of 
weather conditions. 

Marine accidents. Engineering Computer 
Opteconomics, Inc. (ECO) conducted an analy- 
sis of ship accidents leading to an LNG cargo 
release. Specifically, the probabilities of colli- 
sion with other vessels, rammings of non- 
vessel, stationary, or floating objects, and 
grounding were calculated for three subsets 
within the Matagorda Bay port scenario: 


@ the entranceway, which is the immediate 
ship approach route to and through the 
cut in Matagorda Peninsula; 


@the harbor, which is the ship channel 
within Matagorda Bay; and 


@ the piers, which are the waters between 
the ship channel and the berth. 


The analysis of spills due to collisions indi- 
cates that either one or two cargo tanks may 
be involved. A one tank cargo involvement is 
considered the most credible spill event due to 
collision, and would involve 19,400 cubic 
meters of LNG. The maximum credible spill 
event due to collision is considered to be the 
simultaneous rupture of two adjacent cargo 
tanks, and could involve 38,800 cubic meters 
of LNG. The analysis of spills due to ramming 
indicated that the most credible spill due to 
ramming is 10,000 cubic meters. The analysis 
of grounding indicated that the expected value 
for cargo tank rupture is so small as to be 
Statistically insignificant; thus they do not pose 
any significant potential for cargo release and 
are not considered further. 

Summary of initiating events. The quantified 
initiating accidents and the accompanying 
spills that were further examined to determine 
public risk are summarized in Table 1. 


Vapor cloud formation and downwind travel 


If a spill of sufficient size occurs without im- 


mediate ignition, an LNG vapor cloud may 
form and travel downwind. The characteristics 
of the cloud depend for the most part on the 
size and rate of the spill (Table 1) and the sur- 
face area on which the LNG is spilled. Since 
land spills have been ruled out as significant 
to public risk, the focus here is on water spills. 
The travel of the vapor cloud depends on the 
wind speed and direction and the stability of 
the weather. 

Likelihood of immediate ignition. The poten- 
tial for a fire associated with the releases 
depends on both the presence of flammable 
vapors and an ignition source. Vaporization 
would commence immediately following a 
cargo tank penetration. Ignition of vapor can 
be caused by any heat source of sufficient tem- 
perature and duration. The primary ignition 
sources would be the friction and sparking 
generated by the immense forces needed to 
attain penetration. Temperatures can be 


expected to range from 1600°F to 2700°F, far 
in excess of the 1000°F ignition temperature 
of methane and air. Secondary ignition sources 
such as boilers, galley fires, electrical cables, 
light fixtures, etc. will also be present and 
exposed as a result of collisions, rammings, or 
aircraft/ship crashes. Therefore it is extremely 


likely that immediate ignition will occur under 
such circumstances. In the analysis it is 
assumed that the probability of ignition follow- 
ing such a penetration is 0.99. 

Wind direction and speed and weather stabi- 
lity. Because wind direction, wind speed, and 
stability class are not independent of each 
other; the weather conditions in the vicinity 
of the La Salle Terminal have been tabulated 
as illustrated in Table 2 and more details were 
available for various wind speeds and stability 
classes [2, 3]. In compiling the tables, stability 
classes A and B were assumed to be C and 
class E was assumed to be F. Also, winds of 
20 mph and greater were assumed to be 15 mph, 
which results in greater plume lengths. All 
these assumptions are conservative. Notice that 
stability class F does not occur with a 15 mph 
wind. 

For the most credible spill of one tank 
(19,400 cubic meters spilled instantaneously), 
with a 10 mph wind and stability class D, the 
vapor cloud could travel up to 5.88 miles if 
it is not ignited. This would require roughly 
25 minutes. Then the cloud would subside as 
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TABLE 1. QUANTIFIED ACCIDENTS CONTRIBUTING TO PUBLIC RISK 





Location 
of Cause and size 
accident of spill 


Annual probability 
of accident event 


Spill size 





Entrance Most credible spill 
due to collision 
Maximum credible spill 
due to collision 
Spill due to ramming 
Spill due to aircraft 
crash 


3.46 x 107° 19,400 m? instantaneously 


9.28 x 107° 38,800 m? in 9 min 
10-8 


107° 


7.59 x 
1.21 x 


10,000 m? in 12 min 
10,000 m? in 12 min 





Most credible spill 
due to collision 
Maximum credible spill 
due to collision 
Spill due to ramming 
Spill due to aircraft 
crash 


6.49 x 107’ 19,400 m? instantaneously 


1.76 x 107’ 38,800 m? in 9 min 


2.10 x 1077 


9.23 x 


10,000 m? in 12 min 
10,000 m? in 12 min 





Most credible spill 
due to collision 
Maximum credible spill 
due to collision 
Spill due to ramming 
Spill due to aircraft 
crash 


1.01 x 19,400 m? instantaneously 


2.73 x i 38,800 m? in 9 min 


1.10 x 
5.93 x 


10,000 m? in 12 min 
10,000 m? in 12 min 





the LNG-air mixture was reduced to below the 
lower flammable limit of 5% average concen- 
tration. 


Probability of size and location of cloud at igni- 
tion and the extent of its effects 


This requires identification of the potential 
ignition sources and the development of a 
vapor cloud ignition model and a thermal radi- 
ation model. 

Identification of potential ignition sources. A 
vapor plume can be ignited from numerous 
sources such as spark plugs, open flames, pilot 
lights, electrical sparks due to short circuits, 
and so on. Because of the difficulty of tabulat- 
ing all possible ignition sources, it is conserva- 
tively assumed that each house or building has 
only one source and that each recreational 


TABLE 2. PROBABILITIES OF WIND DIRECTIONS NEAR LA 
SALLE TERMINAL 





Wind direction Probability of occurrence 





N 0.123 
NE 0.103 
E 0.131 
SE 0.338 
S 0.196 
SW 0.037 
W 0.020 
NW 0.052 





boat or commercial fishing ship has one 
source. To assume fewer sources is conserva- 
tive because it implies increased likelihood that 
a vapor cloud would cover a larger area before 
ignition. 

Vapor cloud ignition model. The structure of 
the ignition model can be illustrated as follows. 
The probability that any individual source 
ignites a passing vapor plume is defined to be 
p, and this is identical for each ignition source. 
Hence, if a plume begins to cover an area with 
ignition sources, the probability it ignites from 
the second source is (1 — p)(p), which is the 
probability (1 — p) that it does not ignite at 
the first source times the probability (p) that 
it does ignite at the second source. In general, 
the probability that a vapor plume is ignited 
by the n'® source is (1 — p)"~ '(p). 

Radiation model. In this study, a thermal 
radiation level of 5300 Btu/ft?/hr is assumed to 
be the lower limit resulting in fatalities. This 
is conservative because one would actually 
expect only blistering of skin exposed for five 
seconds to such thermal radiation. Using such 
a level results in the distances calculated in 
Table 3 for LNG pool and plume fires. Because 
these do not vary greatly with weather condi- 
tions, these distances are assumed for all 
weather conditions. 
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TABLE 3. DISTANCES ASSUMED FOR THERMAL-RADIATION FATALITIES 





Incident 


Distance from 5300 Btu/ft?/hr 
exposure for 5 secs 





10,000 m? in 12 min pool fire 


19,400 m? instantaneous spill pool fire 


38.800 m? in 9 min pool fire 
plume fire 


1100 feet from spill center 
2500 feet from spill center 
2500 feet from spill center 
525 feet from plume fire 





IV. RISK QUANTIFICATION 


The purposes of the risk quantification were 
to determine (1) the expected number of public 
fatalities per year due to the LNG terminal 
operation, (2) annual risk levels (i.e. the prob- 
ability of becoming a fatality) to individuals 
who might possibly be affected by the facility, 
and (3) the probability that different fatality 
levels might be exceeded in any year. 

This required, in addition to the information 
previously developed, data on the population 
distribution in the vicinity of the La Salle Ter- 
minal. 


Population study 


A detailed on-site study of the population 
living in and visiting the vicinity of the La Salle 
Terminal was conducted. The main goal was 
to determine how many people are at which 
locations, at which times. Because of large sea- 
sonal and weekly fluctuations in the popula- 
tion, population data were tabulated separately 
for all combinations of days and nights, week- 
days and weekends, tourist season (April 
through October), and nontourist season. After 
a preliminary examination of population data, 
it was decided that three combinations—non- 
tourist season, tourist weekends, and tourist 
weekdays—adequately described population 
distributions. The risk quantification con- 
sidered each of these cases separately. 

Data used to estimate populations included 
identifying houses as belonging to permanent 
residents or transient visitors through electrical 
use information, current and projected school 
enrollments, numbers of boats, estimated beach 
visitors, fishing season dates, special events in 
the area, etc. For fatality calculations, the 
population study indicated that it was reason- 
able to assume 3.62 people per permanent 





> The probabilities presented in Table 1 were multiplied 
by the ratio of each time period (nontourist season, tourist 
weekends and tourist weekdays) in days to 365 to give 
the probability of an accident within a time period. 


household, 4.02 people per occupied transient 
household, 4.5 people per recreational boat, 
and 2.5 people per commercial fishing ship. 


Illustrative calculation 


To indicate the structure of the risk analysis 
model, the contribution to the average number 
of fatalities made by one accident scenario is 
illustrated. Define accident scenario S, as a 
collision between an LNG carrier and another 
ship in the harbor at the intersection of the 
ship channel and intercoastal waterway. This 
collision produces an instantaneous one-tank 
spill of 19,400 cubic meters of LNG. Further- 
more, assume the spill does not immediately 
ignite, so that a vapor cloud forms. The wind 
is assumed to be from the east at 10 mph with 
a Pasquill stability class D. The eighth ignition 
source ignites the vapor cloud. The illustration 
is for a weekday during the tourist season. 

The probability of this accident scenario is 
the product of the following factors: 


@the annual probability of a collision 
releasing one tank of LNG (most credible 
spill) in the harbor during a weekday in 
tourist season (Table 1)°; 


@ the probability p= 0.01 of no ignition 
given this collision; 


@ the probability that the wind is from the 
east (Table 2); 


@ the probability that given an east wind, 
it is 10 mph and there is stability class D 
and; 


@ the probability that the eighth ignition 
source ignites the vapor cloud. 


The calculation, using the probabilities from 
the tables indicated is as follows: 


10~ 7)(0.01)(0.131) 


Pr(S,) = (2.33 x 
x (0.1856)(0.0478) = 2.71 x 107'7. (8) 
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To calculate the expected fatalities F(S,) 
from accident scenario S$; on a tourist season 
weekday, the maximum extent of the flam- 
mable vapor plume if it is not ignited is first 
determined. 

Since 100 recreational boats are assumed to 
be in the designated region of Fig. | and, since 
the projected plume covers two percent of the 
region, the expected number of recreational 
boats in the plume’s path is 2, assuming a uni- 
form distribution of boats. No commercial 
boats are assumed in this area on tourist 
season weekdays. 

On summer weekdays, there is an average 
of 1000 daytime transient visitors in Port 
O’Connor. It is conservatively assumed that all 
of these visitors are on the beach on the east 
side of Port O’Connor, so that with 34% of 
the beach covered by the plume, it is assumed 
that 340 daytime transient visitors are on the 
beach within the vapor cloud. 

The number of houses occupied permanently 
and covered by the maximum possible extent 
of plume is 37, and the number of houses occu- 
pied by transients is 103 for a total of 140 
household ignition sources. The average week- 
day daytime occupancy of these houses is 
taken as 2.62 and 3.02, respectively. This 
assumes one person is away from each house- 
hold. Averaging the expected weekday-daytime 
occupancy of the houses occupied permanently 
and by transients, an expected number of 
people per household source is determined to 
be 2.91. 

In the event of a house-caused ignition, it 
is assumed that individuals in boats and tran- 
sient daytime visitors within the vapor cloud, 
as well as all individuals in houses covered by 
the cloud at the time of ignition, are fatalities. 

The calculation of the contribution of acci- 
dent scenario S, to expected fatalities is as fol- 
lows. Since the vapor cloud is assumed to be 
ignited by the eighth ignition source, it is not 
ignited by the two boats and it is ignited by 
the sixth house encountered. The number of 
individuals within this cloud at the time of 
ignition is the people in the two boats, on the 
beach, and in the six houses under the cloud. 
Summing these gives the expected number of 
fatalities in the cloud as 


2(4.5) + 340 + 6(2.91) = 366.46. (9) 
As discussed, it is assumed that individuals 


within 525 feet of a vapor cloud fire would 
be fatalities due to thermal radiation. Using 
the average population density of Port O’Con- 
nor, it is assumed that 230 individuals could 
be within 525 feet of a plume fire. 20% of these 
are assumed outside at any given time. Hence, 
the total expected fatalities from S$, on a sum- 
mer weekday is 


F(S,) = 366.46 + (0.2)(230) = 412.46. 


Multiplying (8) times (10) results’ in 
1.118 x 10~°, which is the contribution F(S,) 
of accident scenario S$, to the overall annual 
expected fatality rate F in (3). 

Calculations of expected fatalities due to 
thermal radiation from an LNG pool fire are 
illustrated by the following example. The prob- 
ability of an LNG carrier having a collision 
in the harbor during a tourist season weekend 
is 1.20 x 10°” per year. Based on data from 
the Matagorda Bay area, the average number 
of boats within 2500 feet of the center of that 
spill is 20. The average number of occupants 
in a recreational boat is assumed to be 4.5 and 
the average number of occupants in a small 
commercial fishing boat is assumed to be 2.5. 
Since slightly less than 75% of the total number 
of boats exposed to pool fires are recreational 
boats, an average occupancy per boat of 4.0 
is used. The annual expected fatalities F, due 
to a pool fire resulting from a collision in the 
harbor on a tourist season weekend is 


(10) 


F, = (1.20 x 10> 7)(0.99)(20)(4) = 9.50 x 107°. (11) 


Results 


The annual risks for individuals in different 
groups are presented in Table 4. The prob- 
ability of exceeding a specified number of fatal- 
ities in a given year is shown in Fig. 4. 

The relative contribution to the annual ex- 
pected fatalities of different accidents, seasons, 
locations, and spills was determined. These are 
shown in Table 5. As shown in Table 5(c), 
approximately 62% of the expected fatali- 
ties come primarily from individuals in boats 
subjected to the pool fire thermal radiation 
resulting from immediate ignition of an LNG 
spill in the harbor during tourist season week- 
ends. The balance of the expected fatalities, 
38%, is from the delayed ignition of the vapor 
clouds. Approximately half of this 38% is from 
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TABLE 4. SUMMARY OF PUBLIC RISKS 





Expected fatalities 
per year 


Group 


Number of people in the 
group sharing the risk 


Risk per person 
per year 





Permanent population in Port O’Connor 
Permanent population in Indianola 
Transient daytime visitors 

Individuals in boats 

All individuals exposed to risk 


2.0 x 1078 
13: x49"! 
25 x 107° 
13S: x 40-° 
1.7.x 107> 


25% 
1.7: 107° 
99 x 107!'° 
45 :x:107° 
1.9 x 107° 





individuals in boats, and half from individuals 
on shore. 

Sensitivity analyses were conducted to exam- 
ine the effect of variations on two parameters 
on public risk. The two parameters were the 
probability of ignition per source and the aver- 
age methane concentration at which the LNG 
vapor cloud is still ignitable. The base case 
assumed that the probability of ignition per 
source was 0.1 and that an LNG vapor cloud 
was ignitable until it deteriorated to 5% aver- 
age methane concentration. These two par- 
ameters were varied, one at a time, to generate 
two additional, more conservative cases: 


(i) Probability of ignition per source of 0.01 and 
average concentration condition. This case 
examined the effect of a lower ignition 


probability on public fatalities. With the 


Pri(fatalies> X) 





4 


L j 
10! 102 103 104 





Number of fatalities ,X 


Fic. 4. Annual probability of exceeding a specified number 
of fatalities. 


lower probability of ignition, the expected 
number of boats and/or houses covered by 
an LNG vapor cloud at the time of ignition 
would increase; hence the expected fatali- 
ties would be higher. This case, therefore, 
analyzes a more conservative assumption 
with regard to ignition probability. 


(ii) Probability of ignition per source of 0.1 and 
peak concentration condition. There is dis- 
agreement among experts with regard to 
the distance that ignitable (i.e. within the 
5-15% flammable concentration range) por- 
tions of an LNG vapor cloud would travel. 
It is hypothesized that pockets of this con- 
centration may exist even after the average 
concentration of the cloud has decreased 
considerably below the 5% average meth- 
ane concentration. To address this possibi- 
lity, a conservative condition is analyzed. 
It was assumed that pockets of peak con- 
centrations that are still ignitable exist in 
the cloud until it reaches an average con- 
centration of 2.5%. Plumes whose boun- 
daries were determined by 2.5% average 
concentration under different conditions of 
wind speed, stability class, and spill size 
were obtained from Wesson and Associates. 
These plumes were used to calculate 
exposed populations in the same way the 
5% average concentration plumes were 
used. 


Both cases showed a slight increase in the 
expected fatalities per person per year over 
those for the base case. For the two cases out- 
lined above, the expected fatalities per person 
per year were 2.22 x 107° and 2.21 x 107° re- 
spectively. Comparison with the expected fatal- 
ities of 1.9 x 10~° per person per year for the 
base case shows that the public risks are not 
influenced significantly by more conservative 
estimates of the two parameters evaluated in 
the sensitivity analysis. 
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TABLE S(a). EXPECTED FATALITIES FOR DIFFERENT SEASONS 





Season 


Expected fatalities per year 


Percentage of the 
total expected fatalities 





Nontourist 

(November through April) 
Tourist Weekdays 

(May through October) 
Tourist Weekends 

(May through October) 


8.21 x 107’ 
3.26 x 107° 


1.29 x 1075 


4.8%, 
19.2% 


76.0% 





TABLE 5(b). EXPECTED FATALITIES FOR DIFFERENT ACCIDENT LOCATIONS 





Accident location 


Expected fatalities per year 


Percentage of the 
total expected fatalities 





Entranceway 
Harbor 
Pier 


2.45 x 107° 
1.10 x 1075 
3.52 x 107° 





TABLE 5(c). EXPECTED FATALITIES FOR DIFFERENT LNG sPILLs* 





Type of LNG spill 


Expected fatalities per year 


Percentage of the 
total expected fatalities 





Most credible spill due to 
collision 

Maximum credible spill due to 
collision 

Spill due to ramming 

Spill due to aircraft crash 

Spill resulting in pool fire 


9.70 x 107°(2.25 x 107°) 
2.72 x 10°°(6.9 x 1077) 
3.63 x 107° (3.15 x 107°) 


8.99 x 1077 (2.75 x 107’) 
(1.06 x 1075) 


57.29 


—/o 


(13.3%) 
16.0% (4.1%) 


5 ° 
21.4% 
< o 

5.4 o 


(18.6%) 
(1.6%) 
(62.4%) 





* Numbers in parentheses are obtained by separating expected fatalities due to plume fire and pool 


fire. 


V. RISK EVALUATION 

The La Salle Terminal is designed to receive 
and vaporize approximately one billion cubic 
feet of natural gas per day. For risk compari- 
son, the energy output of this natural gas is 
equivalent to about eighteen 1000 megawatt 
electric power plants operating at 70% capacity 
factor [8]. 

Buehring [4] has calculated the expected 
fatalities per year due to 1000 megawatt coal 
power plants. Based on 1970 data for the State 
of Wisconsin, the expected number of deaths 
to the public due to transporting coal was 
0.695 per year for a 1000 megawatt coal fa- 
cility. Multiplying by 18, this becomes 12.51 
expected fatalities per year. For the equivalent 
energy output of La Salle Terminal, the 
expected fatality level is 0.000017. This is less 
than one hundred-thousandth (1/100,000) of 
the expected fatalities from the equivalent con- 
sumer energy source from coal. 

To compare the individual risk levels, causes 


OME. 7/3—C 


of death and their risk per individual per year 
are given in Table 6 (US Department of Com- 
merce, 1975). The risk to an average individual 
in the US due to fire is 16,000 times greater 
than the risk to an individual exposed to the 
operations of the proposed La Salle Terminal. 

The group with the highest annual risk of 
4.5 x 10~° per year is composed of the indivi- 
duals in boats. This is one chance in approxi- 
mately 220 million. For Port O’Connor, the 
annual risk per person is 2.5 x 10°''. The 
National Safety Council [5] provides data to 
calculate that the expected public risk due to 
gas distribution systems in the U.S. is 5.15 x 
10-7 per individual per year, which represents 
one chance in 1.9 million. Hence, for any indi- 
vidual exposed to a hazard because of the pro- 
ject, the probability that he will die due to a 
natural gas distribution accident is 271 times 
as great as the possibility due to the operations 
of the proposed La Salle Terminal. 

The data provided by the National Safety 
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TABLE 6. SOME MAJOR CAUSES OF DEATH—1973 





Cause of death 


Risk per person 


Deaths per year* 





Motor vehicle accidents 
Suicide 

Murder victims 

Fire and flames 

Firearms 

Aircraft accidents 

Electricity current in the home 
Gas distributed by pipeline 


55,511 
25,100 
17,123 
6503 
2618 
1638 
232t 
108+ 


2.65 x 
1.20 x 
8.10 x 
3.10 x 
Lz x 
7.81 x 
lll x 
3.25% 





* 1973 population used was 209,860,000. 


+ National Safety Council, 1975. 


Council [5] on the risks due to electric shock 
in electrically wired residences show that 
expected public fatalities due to this risk are 
1.11 x 10~° per individual per year. This rep- 
resents one chance in 0.9 million. Hence, in 
an electrically wired house, the probability that 
the individual will die next year due to electric 
shock in his home is 584 times as great as the 
possibility of death due to the operations of 
the proposed La Salle Terminal. 

For the permanent population of Port 
O’Connor, the same model used to calculate 
the probability of airplane crashes into LNG 
carriers was used to calculate the probability 
that an airplane would crash directly into Port 
O’Connor and kill an individual. Using the 
angular dependence model, this probability 
was found to be 8.60 x 10~® per year for a 
permanent resident living one mile in front of 
the runway. Using the aircraft crash model 
with no angular dependency, the probability 
of an individual living a mile from the runway 
becoming a fatality is calculated to be 4.73 x 
10~® per year. About 600 of the 840 permanent 
residents of Port O’Connor live within one 
mile of the runway. The individual risk due 
to air crashes in Port O’Connor is over three 
orders of magnitudes higher than the risk to 
a Port O’Connor resident due to the operation 
of the proposed terminal. 

Approximately 65 meteorites weighing more 
than one pound hit the United States each 
year. If one owns a one-floor house with 3050 
square feet, the probability that one of these 
meteorites will hit that house within a year is 
1.9 x 10° °. This is identical to the average in- 
dividual risk due to operation of the La Salle 
Terminal. 

A criterion for risk acceptability has been 
proposed by Starr [6]. It suggests that ac- 


ceptability be determined by the annual prob- 
ability of death per person exposed and the 
benefits of the activity, measured in arbitrary 
units. Because the evaluation of benefits is 
complex, the main use of Starr’s criterion is 
in establishing a bound of approximately 107’ 
for acceptable risk levels. The individual risk 
from the operations of the proposed La Salle 
Terminal is 1.9 x 10~°, which is less than 2% 
of 10~’. The societal risk due to operation of 
the La Salle Terminal is, consequently, much 
less than Starr’s criterion for social acceptance. 


VI. CONCLUSIONS 


The formal risk analysis described in the pre- 
vious sections presented several advantages: 


@data and professional judgments from 
experts in various fields could be inte- 
grated into a logical framework; 


@ assumptions could be stated explicitly; 
@ sensitivity analyses could be conducted to 
evaluate the significance of the assump- 


tions; 


@ the public risk could be systematically 
estimated and approved; and 


@ strategies to reduce risks could be devel- 
oped 


The results of the analysis showed that the 
risks to the public from the operation of the 
La Salle Terminal were below those that the 
population in the vicinity of the terminal is 
exposed to at the present time. The risk levels 
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are also less than those published in literature 
as acceptable to society. 

The study was used in preparing the Safety 
Analysis report for submission to the Federal 
Power Commission (FPC). The Final Environ- 
mental Impact Statement issued by the FPC 
has stated that the levels of public risk associ- 
ated with the La Salle Terminal facility are ac- 
ceptable. 
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Traditional applications of management science aiming at solving specific decision-making problems 
are claimed to be often of an aggressive nature. They represent an intrusion into the life space 
of the managers who are supposed to use them and in many cases are consequently rejected. 
In the light of the evolution of marketing and corporate modelling over the last twenty years, 
the authors propose a new supportive approach for management science applications which is 
user-oriented rather than task-oriented. The characteristics of the aggressive and supportive 
approaches are contrasted, and an example of a supportive management science application for 


marketing strategy formulation is described. 


SINCE THE widely publicized BBDO-CEIR 
media selection model [5], a large number of 
marketing models have been developed and de- 
scribed in the literature [13, 26,30]. When 
examining this literature, two observations 
come readily to mind. Firstly, the actual use 
of these models in business remains very 
limited despite a substantial volume of 
research. Secondly, most applications of man- 
agement science to marketing are concerned 
with tactical decisions such as media selection 
[22], sales force allocation [25] or competitive 
bidding [8]. There is a scarcity of management 
science applications to unstructured or strate- 
gic marketing decisions such as product port- 
folio management or the formulation of 
product market strategies. 

The purpose of the present paper is to dis- 
cuss a neglected class of management science 
applications which offer some definite advan- 
tages in terms of the two dimensions men- 





' The first version of this paper was presented at the 
TIMS International Meeting in Athens, Greece, July 
25-27, 1977. 


tioned above: successful implementation and 
contribution to unstructured strategic issues. 

These applications aim at developing the 
professional competence of managers rather 
than solving specific managerial problems and 
they include pedagogical games, as well as 
computer-assisted instruction packages. They 
are termed supportive because their primary 
purpose is to help the manager to improve his 
performance, without interfering with the de- 
cision-making process. It will be argued that 
these supportive applications represent an im- 
portant untapped potential for management 
science. 

In the following sections of this paper, the 
evolution of management science applications 
in marketing and in corporate modeling is 
reviewed in order to extract the main trends 
in the implementation of these applications. In 
the light of these emerging trends, the suppor- 
tive approach is compared with the traditional 
management science approach. Finally, an 
example of a supportive management science 
application in the area of marketing strategy 
is described. 


207 





208 


THE EVOLUTION OF MANAGEMENT 
SCIENCE APPLICATIONS IN 
MARKETING AND CORPORATE 
PLANNING 


Comparing the evolution of management 
science applications in marketing and corpor- 
ate planning is of interest for two main reasons. 
First, the design of applications in marketing 
strategy should obviously benefit from past ex- 
perience in corporate modeling as these two 
areas tackle some common substantive and 
often ill-structured issues. Secondly, manage- 
ment science applications have evolved practi- 
cally independently in these two areas. More- 
over, these two areas have different organiza- 
tional properties. Marketing tends to represent 
a larger portion of the organization with staff 
and line managers from different backgrounds 
and with a wide variety of educational levels. 
Corporate planning is a staff organization 
usually composed of a limited number of 
managers from different functions but with 
relatively high educational levels. It is thus 
valuable to investigate whether these differ- 
ences have resulted in a different evolution of 
management science applications in these two 
areas. 


Marketing models 


There has been a proliferation of marketing 
models in the last fifteen years. Some of these 
models were developed for managerial appli- 
cations, others represented research efforts to 
improve the managerial validity of some basic 
techniques by relaxing some of the more con- 
straining assumptions as, for instance, in the 
area of stochastic modeling. Montgomery and 
Weinberg [27] claim that “the vast majority 
of really managerially useful (marketing) 
modeling work is past 1967”, and they dis- 
tinguish between three generations of market- 
ing models: 


1. Emulation of classical operations research 
(1959-1964). “The earliest era of marketing 
models was characterized by techniques in 
search of problem”. The formulation of mar- 
keting problems was oversimplified in order to 
solve them through classical operations 
research optimization techniques. As a result, 
the recommendations provided by _ these 
models were of little managerial value. A typi- 
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cal example of this generation is the media 
selection model developed by BBDO-CEIR 
[5] and based on linear programming; 


2. Bigger and better models (1964-1970). The 
reaction to the lack of success of previous man- 
agement science applications to marketing was 
to develop more complete models which could 
encompass more of the complexity inherent to 
marketing phenomena. The extreme example 
of this generation is certainly the simulation 
developed by Amstutz [2] and applied to the 
pharmaceutical industry [6]. Although these 
applications have generally been more success- 
ful than the previous ones, they tended to be 
too complex for management understanding, 
continuing use, and control; 


3. The decision calculus (1970- ). In 1970, 
Little [19] called ‘Decision Calculus’ a model- 
building approach integrating data and mana- 
gerial judgements and placing an emphasis on 
the effective use of the model by managers. 
Little specifies that a decision-calculus type of 
model should be simple, robust, easy to con- 
trol, adaptive, complete on important issues, 
and easy to communicate with. In particular, 
the completeness/complexity dilemma of the 
two previous generations has been resolved by 
the incorporation of managerial subjective 
judgements which integrate the numerous in- 
terrelationships present in marketing phenom- 
ena, while keeping the model structure rela- 
tively simple. These models appear to be 
more successful than the previous ones in 
terms of number of applications [1]. The 
typical examples of decision-calculus models 
are ADBUDG [19] and BRANDAID [20, 21] 
but several models have been developed along 
these lines since 1970 (e.g. [3, 23, 25]). 


The above historical perspective clearly 
shows a slow and expensive trial-and-error 
process of searching for new implementation 
approaches in order to improve the acceptance 
of marketing models by managers. 

This experience seems to direct management 
scientists towards simpler models in which 
complexity and technical sophistication are 
traded for ease of understanding, use and con- 
trol. This is confirmed in a study by Larréché 
and Montgomery [15] where more recent 
models of the decision-calculus type are rated 
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more highly on implementation-related dimen- 
sions by a group of experts than more tradi- 
tional models. 

In addition, many applications [1, 19, 23, 27] 
indicate that the pedagogical impact of market- 
ing models on managers may be as important 
as direct improvement of specific decisions. A 
modeling application provides marketing 
managers in particular an opportunity to make 
explicit and reconsider their decision-making 
processes, a formal structure for reviewing the 
major factors influencing a given situation, a 
framework for planning data-gathering activi- 
ties, and a basis for effective communication. 
As a result, some models such as ADBUDG 
[19] or SPRINTER I [33] have sometimes 
been used as pedagogical devices prior to the 
implementation of more complex models 
(21, 25, 32]. 


Corporate models 


Corporate models seem to have known a 
much higher degree of commercialization than 
marketing models. Special purpose computer 
languages such as IFPS [29], PROJECTOR 
[24], PROPHI II and SIMPLAN [28] have 
also been developed and distributed. Several 
surveys [4, 9, 10,28] indicate that a large and 
growing number of companies make use of 
corporate models. Naylor and Schauland 
report: “Through direct personal contact we 
have identified over 2,000 corporations in the 
United States, Canada, and Europe who are 
either using, developing or planning to develop 
some form of corporate planning model” [28]. 
The following points also emerge from these 
surveys which were undertaken in North 
America and Europe: 


Most corporate planning systems are finance-oriented. 
They primarily do cash-flow projections and the market- 
ing component of the model is at best an econometric 
formulation relating sales to marketing instruments and 
exogenous variables. It is unlikely that these models may 
efficiently be used to test the effects of major changes 
in product-market strategies. 


Most applications use simulation to answer ‘what if? 
types of questions, rather than optimization techniques 
as in the earlier corporate models. There are still some 
advocates of mathematical programming _ tech- 
niques [12,34] but they seem to concentrate in the oil 
industry where this tradition has been established in 
operational planning, and they seem to be stronger in 
Great Britain than in North America, an observation 
also reported by Boulden [4]. 


The vast majority of the corporate models use a deter- 
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ministic approach rather than the more complex sto- 
chastic or risk analysis approaches. 


These observations clearly indicate that most 
of the corporate models in use are relatively 
simple in terms of their scope and of the man- 
agement science techniques employed. This is 
also true in terms of their costs: in a survey 
of 65 British companies, Grinyer and Wooller 
[10] found that the average reported total cost 
to develop a corporate model was below 
$20,000. 

The characteristics of the typical corporate 
models currently used thus appear to be very 
similar to those of the decision-calculus models 
in marketing. However, according to an article 
by Hayes and Nolan [11], these similar current 
characteristics of marketing and corporate 
models are the result of similar trial-and-error 
developments. Hayes and Nolan distinguish 
three phases in the history of corporate models, 
corresponding to the bottom-up, top-down, 
and inside-out approaches. As indicated in 
Table 1, the characteristics of these phases, as 
well as their dates, are analogous to those of 
the three generations of marketing models, as 
described by Montgomery and Weinberg [27]. 

Hayes and Nolan also stress the pedagogical 
role of corporate models: “a good corporate 
model is not only a decision-making aid, but 
also a powerful educating and developing tool 
for management” [11, p. 110]. Finally, Grinyer 
and Wooller [10] as well as Naylor and Sc 1au- 
land [28] have found that acceptance of cor- 
porate models depended largely on their flexi- 
bility when used by managers, a dimension 
also underlying the decision-calculus concept 
in marketing modeling. 


Emerging trends in management science appli- 
cations 


From the above cursory review of develop- 
ments in marketing and corporate modeling, 
it is clear that, despite obvious differences in 
the substance and the organizational context, 
these two areas have evolved in a similar fash- 
ion over the last 20 years. A number of lessons 
have been learned which revolve around the 
following three points: 


1. Greater simplicity and flexibility of the 
models; 


2. The consideration of users’ characteristics. 
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TABLE 1. THE EVOLUTION OF MARKETING AND CORPORATE MODELS 





Marketing models’ 


Corporate models? 





Emulation of classical OR (1950-1964) 
“Techniques in search of problems” 


Bigger and Better models (1964-1970) 
More complete models, too complex 
for management understanding, 
continuing use and control. 


Decision calculus (1970- 
Emphasis placed on the effective 
use of simpler models integrating 
data and managerial judgments. 


Bottom-up approach (1956-1963) 
Corporate models designed and 
implemented by technically-oriented 
personnel, from operating models. 


Top-down approach (1964-1969) 
Large-scale models beyond the 
comprehension of managers 


Inside-out approach (1970- ) 
Managers intimately involved in the 
development of simple models. 





' As described in Montgomery and Weinberg [27]. 
2 As described in Hayes and Nolan [11]. 


or the involvement of users, in the design 
of the models; 


Recognition of the pedagogical value of 
models and of the modeling process. 


A NEW LOOK AT MANAGEMENT 
SCIENCE APPLICATIONS: AGGRESSIVE 
VERSUS SUPPORTIVE APPROACHES 


Important progress has been made in prob- 
lem solving since the Second World War, 
thanks to management science. Processes and 
techniques have been developed, and diffused, 
which limit the risk of major conceptual and 
technical mistakes in management science ap- 
plications. Like the experienced craftsman, 
management scientists can be proud of the 
quality of the products which they turn out. 
This traditional approach rests, however, on 
the assumption that a product which is techni- 
cally good, which adequately solves a given 
problem, will automatically be used. It is 
backed up by popular wisdom reflected in the 
English saying, ‘Build a better mousetrap and 
the world will beat a path to your door’. This 
does not always work, as many management 
scientists and marketers have unfortunately ex- 
perienced. 

Models are not developed in a show-case 
with managers eagerly waiting for them to be 
available. Managers have their own objectives, 
activities, environment, as members of an 


organization, as members of a profession, and 
as human beings. To use Lewin’s terminology 
[18] they have a life space of their own which 
has been determined through their personal 
and professional history. The introduction of 
a model may be considered as the transplant 
of a foreign object into their life space. This 
transplant may be rejected, even though it is 
of good technical quality, if it does not fit the 
needs of the managers who are supposed to 
use the model. These needs have been defined 
here in a general sense in terms of the indivi- 
dual’s life space and not only in terms of the 
specific problem to be solved. 

There are many cases of rejections of ‘good’ 
models by managers, and Montgomery and 
Weinberg [27] report an excellent example of 
this phenomenon. It is the case of a competi- 
tive bidding model, slightly more sophisticated 
than the RCA one [8]. Competitive bidding 
models provide good examples as their ‘good- 
ness’ may easily be measured by the percentage 
of bids won over a period of time. This model 
was used because a particularly skilled oper- 
ations research manager assisted the managers 
in the process of providing judgements to the 
model. Using this model, the company won 
twelve out of fourteen bids, so there was no 
question about the technical validity of the 
model, and this was recognized easily by the 
managers. However, “when the operations 
research manager became busy with other ac- 
tivities and the managers were left on their own 
to use the, model, they reverted to the previous, 
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less-disciplined bidding process. The company 
then lost three of the next four bids while not 
using the model. The apparent reason that 
managers stopped using this successful model 
was that the old fuzzy format was more com- 
fortable and, after the OR manager went on 
to other things, they found it easier to go back 
to the old way ...the model has not been used 
since then, despite its effectiveness” [27, p. 26]. 

The traditional management _ science 
approach is essentially task-oriented. From a 
technical point of view, the tools developed 
may be valid as they may indeed contribute 
to improving the performance of specific mana- 
gerial tasks, at least under the assumptions 
made in the modeling process. But these new 
tools will require changes in the life space of 
the managers, changes which are often unfore- 
seen, not prepared for, and not commensurate 
with the personal rewards that they will pro- 
duce. This is why we have labelled this tradi- 
tional approach the aggressive approach. In a 
business context, it would be called a ‘produc- 
tion’ or ‘selling’ orientation as opposed to a 
marketing one. 

All management science applications follow- 
ing the traditional approach are not doomed 
to failure, and some of them eventually succeed 
when the conditions for a successful transplant 
happen to be there. The traditional approach 
also has its merits and may have been histori- 
cally necessary given the fact that the bottle- 
neck in the management science process has 
been at the technical level for quite a while. 
But the long-term survival of management 
science in the business context is highly uncer- 
tain if it keeps this production or selling orien- 
tation. 

Our contention is that there is an alternative 
to the traditional approach which would be 
user-oriented rather than task-oriented, which 
would be marketing-oriented rather than pro- 
duction or selling-oriented. We have: labelled 
it a ‘supportive approach’. The supportive 
approach recognizes that the needs of the user 
should not be defined uniquely in terms of the 
specific problem at hand but in a much 
broader sense in terms of his life space, includ- 
ing his personal objectives, organizational 
objectives, immediate environment, time con- 
straints and cognitive constraints. For instance, 
an interesting observation has been made by 
Simon, Lamar and Haines [31] concerning the 


use of models by managers. While most models 
aim at solving an operational problem, or sup- 
plying managers with new information, these 
authors claim that “such models have only 
limited import relative to the needs of manage- 
ment of any large organization.” Instead, they 
observe that three other types of model uses 
are made by managers: to force one part of 
an organization which has data to give it to 
another part of the organization which wants 
it; to provide a rationale for decisions pre- 
viously reached by the managers based upon 
informal analysis; and to establish the 
manager's reputation. These uses certainly cor- 
respond to broader needs than the problem- 
solving ones for which models are usually de- 
veloped. 

The foundation of the supportive approach 
is thus a user-orientation as opposed to the 
more traditional task-orientation. ‘Users’ are 
the managers who are in a position to exploit 
the benefits of a potential application. They are 
the people who are going to be affected by the 
application and who are going to influence 
most directly its long-term success in the 
organization.” 

This user-orientation implies a number of 
propositions for the implementation of man- 
agement science. The main ones are summar- 
ized and contrasted to those of the task-orien- 
tation in Table 2. The first one concerns the 
objectives of management science. While 
within a task-orientation the primary objective 
is to improve the performance of specific man- 
agement task, in a user-orientation it is to 
satisfy users’ needs. These needs may them- 
selves be defined in terms of task performance, 
but they will usually be broader. They may for 
instance include the desire to increase one’s 
competence, to build up confidence in one’s 
decisions, to have a means to focus on major 
potential problems, or to prepare oneself for 





2 There are obviously other decision-making units in the 
organization who have an influence on the implementation 
of the application. In marketing parlance oné would con- 
sider, in addition to users, the ‘buyers’ and ‘prescribers’, 
i.e. individuals who may have to approve the required bud- 
gets and who may give advice or specifications, respect- 
ively. They may be controllers, the users’ superiors, or the 
personnel manager in the case of pedagogical applications. 
Although these ‘buyers’ and ‘prescribers’ may have an im- 
portant influence on the initial implementation, the on- 
going exploitation of the application and its longer-term 
success will depend primarily on the users. 
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TABLE 2. CHARACTERISTICS OF THE AGGRESSIVE AND SUPPORTIVE APPROACHES 





Aggressive approach 


Supportive approach 





Orientation 
Primary objective 


Potential applications 


Design approach 

Role of manager 

Role of analyst 
Organizational climate 


Task-orientation 

Improvement in task 
performance 

Decision-making models 


Ideal down 
Manager observant 
Analyst active 
Threatening 


User-orientation 

Satisfaction of user’s 
needs 

Management support 
system 

Current up 

Manager active 

Analyst observant 

Motivating 





a higher position. These needs can be satisfied 
effectively only if they are perceived by the 
manager. In order to test the importance of 
these needs as perceived by the manager, and 
not by the management scientist, it is essential 
that the manager estimates the resources that 
can be justified for the application, including 
the efforts and time that he is himself ready 
to invest in it. 

Adopting broader objectives for manage- 
ment science implies that the scope of potential 
applications to be considered is also much 
wider than the traditional decision-making 
models which themselves are unfortunately 
often limited to stochastic, mathematical pro- 
gramming or simulation models depending on 
the prejudices of the analyst. Potential appli- 
cations should, for instance, include computer- 
assisted learning, pedagogical games, simula- 
tion of competitive activities, automatic report 
generation, and a myriad of ‘minor’ appli- 
cations which may have high practical value 
although they may present little technical chal- 
lenge to the analysts. Together, these appli- 
cations constitute a management support sys- 
tem. 

The design of the application should start 
from the current situation and bring improve- 
ments within the limits of observed constraints, 
rather than starting from an ideal solution and 
compromising because of the constraints. In 
considering the constraints existing on the ap- 
plication, the analyst should give particular 
attention to the level of interest of the 
managers, their time availability and their 
capacity to assimilate new inputs, rather than 
to center uniquely on data and technique avail- 
ability. 

The analyst should not have a predominant 
role in the design and use of the application 


as this will most often relegate the manager 
to a position of observation. The manager 
should have an active role, and the analyst 
should keep a low profile. Finally, the estab- 
lishment of an organizational climate where 
the manager is continuously motivated to 
exploit the benefits of the application is cer- 
tainly one of the requirements of a supportive 
approach. The obvious danger is that the 
manager feels threatened by the application, as 
it is often the case under the aggressive 
approach. 

The supportive approach will obviously not 
guarantee the success of all management 
science applications which, like any business 
venture, always comprise some elements of 
risk. It should, however, correct the glaring 
short-sightedness which has _ characterized 
management science to date, and which is simi- 
lar in many points to what Levitt has called 
the ‘marketing myopia’ [17]. This approach 
should not only increase the likelihood of suc- 
cess of applications, but it should also broaden 
the scope of potential contributions and give 
a greater importance to applications which 
have so far remained outside the traditional 
stream of management science. Such an appli- 
cation in the area of marketing strategy formu- 
lation, MARKSTRAT, will be described in the 
following section. 


AN EXAMPLE OF A SUPPORTIVE 
MANAGEMENT SCIENCE 
APPLICATION IN MARKETING 
STRATEGY FORMULATION: 
MARKSTRAT 


MARKSTRAT is a pedagogical simulation 
designed to provide a training ground for the 
formulation and implementation of marketing 
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strategy [14]. Its development has been trig- 
gered by the following three problems often 
encountered by managers and educators: 


1. The tendency for product and marketing line 
managers to neglect long-term competitive 
issues under the pressures of immediate opera- 
tional problems. 


2. The difficulty operational managers have in 
understanding the role of specific product-mar- 
ket entries within the overall corporate stra- 
tegy. There appears to be a conceptual, sub- 
stantive, and philosophical gap between mar- 
keting programs and corporate plans, between 
marketing management and corporate strategy. 


3. There is also a gap between marketing stra- 
tegy and marketing research. For instance, 
recent perceptual mapping techniques such as 
non-metric dimensional scaling are often ex- 
clusively used by marketing researchers for 
control purposes or for concept testing. They 
represent potentially powerful tools for the for- 
mulation of marketing strategies for multiple 
product-market entries, to be used by opera- 
tional managers. 


There are obviously several alternatives to 
alleviate these problems, such as the creation 
of procedure manuals, or the systematic use 
of planning models. However, it was felt that 
any long-term solution to these problems im- 
plies the development of the managers’ capa- 
bilities, benefiting both the manager and the 
organization. Understanding the key issues in 
the formulation of marketing strategies for 
multiple product-market entries should indeed 
induce a product manager to evaluate his 
actions in the context of a more global corpor- 
ate strategy, but should also prepare him for 
higher positions. 

The MARKSTRAT simulation was devel- 
oped in response to these business and peda- 
gogical problems. It has been extensively used 
with graduate students but it was originally in- 
tended for managers in executive programs and 
in-house training programs, and it is this last 


type of application which will be discussed 
here. 


The MARKSTRAT simulation 
In MARKSTRAT, managers are given the 
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management of the marketing department of 
a firm. There are five competing firms repre- 
sented which start in different situations in 
terms of market shares, brand characteristics, 
awareness, positioning, distribution coverage, 
profitability and other factors. Each simulated 
period covers a full year of operations and the 
game is run over six to ten periods. In each 
period, the firms have to make decisions con- 
cerning brand management, the sales force, 
new product development and marketing 
research. At the end of each period, they 
receive a detailed company report as well as 
the marketing research which they have pur- 
chased and which may include awareness, 
shopping habits and purchase intentions sur- 
veys; consumer and distributor panels; seman- 
tic scales; perceptual mapping; market fore- 
casts; estimates of competitive advertising and 
sales force; as well as advertising and sales 
force experiments. 

The original market is composed of several 
segments which have different needs and 
behave differently. In addition, the firms may 
choose to enter and develop a new market for 
a new concept. They can ask R & D to develop 
new products with specific characteristics and 
introduce them. The firms operate in a dyna- 
mic environment with changes in productivity, 
inflation, changing GNP growth rates, and 
possible price controls. The simulated market 
situation will evolve according to the actions 
taken by the firms, and the various product- 
markets will consequently have different life 
cycles in independent administrations of the 
game, depending on the behavior of individual 
firms and of the industry as a whole. 

The key issue for the MARKSTRAT firms 
is the selection of product-market strategies, 
and this is pedagogically reinforced by the 
availability of graphical representations of 
brand positions and segment ideal points 
through perceptual mapping, as represented by 
the example on Fig. 1. These strategies have 
to be translated into long-term plans and con- 
tingency plans. They are implemented through 
interaction with other departments of the firm 
and decisions on brands, advertising budgets 
and objectives, pricing, distribution, sales force 
and marketing research. 


The impact of MARKSTRAT 
Although it is always difficult to evaluate the 
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impact of a new managerial or pedagogical 
tool, Table 3 provides a framework to compare 
the potential contribution of alternative 
approaches to the acquisition of marketing 
strategy skills. The horizontal dimension rep- 
resents a crude division of the marketing pro- 
cess into four stages: strategic analysis, strategy 
formulation, programs formulation and con- 
trol. In a way similar to the ‘hierarchy of 
effects’ often used in advertising [16], the verti- 
cal dimension distinguishes three stages in the 
adoption process: cognitive, affective, and 
active. Cognition is the realm of thought and 
the cognitive stage corresponds to the learning 
of the existence of new concepts and the acqui- 
sition of knowledge. The individual may then 
evaluate them and develop attitudes towards 
them, and this is the affective stage. Finally, 
he can go one step further in the adoption pro- 
cess, and use these concepts in his actions. 

Obviously, the end objective of management 
science and, more generally, of management 
education is to have an impact on actions, 
taken by managers. Unfortunately, the only 
impact which is often observed is at the cogni- 
tive level, i.e. the awareness and knowledge of 
the concepts or the tools, not their use in 
actual practice. 

In the context of this framework, the 
primary functions of three educational 
approaches in marketing strategy are repre- 
sented in Table 3: Traditional Educational 
Methods, Computer-Assisted Learning and 
Marketing Management Games. 
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The positioning of each of these approaches 
within this ‘impact matrix’ is only illustrative. 
It only represents the primary impact as all 
approaches have certainly, with varying 
degrees, an impact at all levels. In addition, 
within each of these approaches, it is always 
possible to find specific examples which do not 
follow the projected typical pattern. 

With these words of caution, one may con- 
sider that Traditional Educational Methods 
(e.g. lectures and reading) are very flexible and 
can cover all areas of the marketing process. 
Their main impact is however limited to the 
cognitive level. Computer-Assisted Learning 
(e.g. educational models) are much more 
limited in scope and center usually on the for- 
mulation of marketing programs. This 
approach allows, however, the manager to 
evaluate concepts and to actually use them in 
a simulated environment. Finally, Marketing 
Management Games add to educational 
models the possibility to have a sequence of 
decision periods in a dynamic environment, 
and thus to illustrate marketing control con- 
cepts. 

Within the framework represented in 
Table 3, it appears that the above educational 
approaches do not provide an important im- 
pact beyond the cognitive level in the areas 
of strategic analysis and strategy formulation. 
Marketing Management Games provide a 
satisfactory environment to reach an active 
level of adoption, but they are usually too 
simple to illustrate concepts in strategic analy- 


TABLE 3. FRAMEWORK FOR THE EVALUATION OF PEDAGOGICAL METHODS IN 
MARKETING STRATEGY 





Stages in the marketing process 





Marketing 
strategic 
analysis 


Marketing Marketing 
Strategy programs 
formulation formulation 


Marketing 
control 





TEM 
CAL 
MMG 


TEM 


TEM MMG 


¢ Cognitive TEM 
Stages 
in 
Adoption 
process 


CAL 


< Affective 
MMG 


MMG 





CAL 


MMG MMG 


\ Active 





TEM: Traditional Educational Methods (lectures, readings). 
CAL: Computer-Assisted Learning (educational models). 
MMG: Marketing Management Games (emphasis on marketing mix).’ 
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sis and strategy formulation. The important 
‘gap’ identified in Table 3 is a pedagogical 
approach which addresses the Affective and 
Active levels of Strategic Analysis and Strategy 
Formulation. 

This framework at the same time shows the 
positioning of MARKSTRAT compared to 
alternate approaches and also provides some 
further explanations for its success in practice 
with managers. MARKSTRAT has_ been 
designed specifically to fill the gaps described 
above and to provide an active level of adop- 
tion of concepts in all four stages of the mar- 
keting process. This has been achieved by in- 
corporating in a game structure a number of 
elements to allow the illustration, evaluation 
and use of concepts in strategic analysis and 
strategy formulation. Some of these elements 
are, for instance, multiple segments with chang- 
ing characteristics, the possibility of launching 
new products, and marketing research studies 
for positioning purposes. 

MARKSTRAT has now been implemented 
in a number of executive and in-house training 
programmes. The reaction of the participants 
and sponsors has always been consistently very 
positive. Managers become highly interested, 
motivated and involved in the simulation. They 
acquire a deeper sensitivity to strategic market- 
ing issues. Although the simulation represents 
a hypothetical durable consumer goeds in- 
dustry, participants actively suggest how the 
concepts acquired may be transposed to their 
own businesses which have been as varied as 
the food and hotel industries in past appli- 
cations of the game. Finally, the most gratify- 
ing experience for management scientists and 
educators is to observe the impact of the appli- 
cation on the behavior of the managers, rather 
than on the mere acquisition of knowledge. 
Participation in the MARKSTRAT exercise 
certainly affects the behavior of managers. This 
is observed as the simulation progresses 
through successive periods and in discussions 
on marketing issues which follow the simula- 
tion. In some instances, managers have 
changed their marketing research plans, follow- 
ing participation in the MARKSTRAT exer- 
cise, to address issues of greater relevance for 
marketing strategy formulation. 


The supportive nature of MARKSTRAT 
It is our contention that the MARKSTRAT 
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simulation owes much of its success and im- 
pact on managers to the supportive nature of 
the-approach that it typifies. The objective of 
the simulation is not to solve a specific prob- 
lem but to help managers to understand better 
the formulation of product-market strategies 
and their translation into marketing plans and 
programs. Companies which have sponsored 
applications of the simulation have done so to 
induce managers to think more in terms of 
strategic issues than what they tend to do in 
the operations of their business. But MARK- 
STRAT provides benefits to the end user, the 
manager participating in the exercise, not only 
in terms of his ability to solve current problems 
but also in terms of his personal competence 
and his professional career. In the design of 
the application, constraints at the user’s level 
were explicitly considered. A game simulation 
was selected over an interactive model as it 
generates more interest, creates a more moti- 
vating environment, and is less threatening. 
The gaming approach was also particularly 
attractive as it creates a process in which new 
behavioral patterns will result in changes in 
attitudes and knowledge, contrasting with the 
opposite process which is often implicit in most 
learning situations. Particular attention was 
paid to the complexity of the simulation to 
reach a satisfactory compromise between rea- 
lism and pedagogical effectiveness. Despite 
these a priori considerations, some elements of 
the simulation were simplified to improve the 
value of the exercise, after experience was 
gained in the first applications of the game. 
The simulation does not force managers to use 
sophisticated tools or concepts. It provides 
them an opportunity to do so if they wish. 
They will typically start to use their own impli- 
cit models and then try new approaches, test 
their value, and draw conclusions themse!ves. 
The simulation is disconnected, in its contents 
and timing, from the decision-making pressures 
placed on managers. Finally, the manager has 
the active role in the simulation and is moti- 
vated to, while the analyst observes and par- 
ticipates when he is called on. 


CONCLUSIONS 


The most striking aspect of an application 
such as MARKSTRAT is that it does not 





Omega, Vol. 7 No. 3 217 


appear to be a regular application of manage- 
ment science since it does not address a specific 
problem in need of a solution. Technically, it 
is based on a widely used tool, simulation, and 
was developed through the traditional process 
of analysis, formulation, programming, par- 
ameter setting, testing and documentation. It 
may even be considered as a major application 
as it required two full-time equivalent man- 
years and represents several thousand lines of 
computer code. The major difference lies, how- 
ever, in the approach and not in the technique. 

This approach which has been labelled ‘sup- 
portive’ centers on the needs and character- 
istics of managers as users of the application, 
rather than on the solution of a specific deci- 
sion-making problem. It provides a framework 
to plan the implementation of applications in 
such a way as to increase the likelihood of their 
acceptance by managers. An example of such 
an approach is presented by Davis and Taylor 
[7] who have developed a pedagogical simula- 
tion and administered it to a group of 


managers before the introduction of a produc- 
tion line-balancing model. They have found 
that the game has ‘unfrozen’ the prevailing 
decision-making situation, created a_ higher 


degree of involvement of managers in the de- 
velopment of the model, and provided a struc- 
ture to generate feedback to the management 
scientists. 

But a more important contribution of the 
supportive approach in the long run may be 
that it defines a wide scope for management 
science applications. Rather than limiting these 
applications to traditional decision-making or 
problem-solving models, the supportive 
approach broadens the mission of management 
science to the development of managers’ capa- 
bilities. In particular, it brings to light a largely 
unexploited, but substantial, educational poten- 
tial for management science in business. Per- 
haps management scientists should reconsider 
their role in the light of the words expressed 
by Kuan-Tzu more than two thousand years 
ago: “If you give a man a fish, he will have 
a single meal. If you teach him how to fish, 
he will eat all his life.” 
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This paper is an assessment of the attempts by Ackoff, Beer and Churchman to provide a justifica- 
tion for the claim that OR is a science. These writers tackle the problem using the philosophies 
of positivism, pragmatism and conventionalism/idealism in an attempt to build an ideal scientific 
methodology for OR. The conclusions reached are that no such methodology can exist and that 
philosophy confuses rather than clarifies the nature of OR as a science. The weakness of the 
philosophical approach to some of the problems faced by OR is demonstrated through a discussion 
of Ackoff and Emery’s analysis ‘On Purposeful Systems’. An outline is given of an alternative 
framework through which the problems of practising OR can more fruitfully be viewed. 


INTRODUCTION 


IN A RECENT work Ackoff [7] appears to 
argue that there are no natural limits to the 
potential scope and usefulness of OR-type ac- 
tivities. In his and others’ eyes it can justifiably 
claim the competence to play a significant, if 
not always determining, role in all public and 
private policy issues, ranging from the organi- 
sation and control of our educational, criminal, 
transportation, urban, waste-disposal and 
other such systems, to the more usual concerns 
with the whole range of corporate strategies 
and tactics [cf. 4]. 

In the OR community at large far more 
effort has been devoted to promoting its aspir- 
ations and past achievements than with pro- 
viding solid reasons why any client should feel 
compelled to accept its findings and recom- 
mendations. Typically this issue has been side- 
stepped by arguing either that OR only pro- 
poses whereas it is the role of the client (as 
decision-maker) to dispose; or that resistance 
is merely a problem of ‘implementation’, which 
requires a secondary level of ‘educational’ ac- 
tivities directed at the client. In recognition of 
the inadequacy of this type of response 
Churchman and Schainblatt [20] have pro- 
posed an extension of ‘education’ activities to 
include the understanding of the client by the 
operational researcher. Only when researcher 
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and client reach a ‘mutual understanding’, 
Churchman and Schainblatt argue, should the 
client feel compelled to accept the solution 
which the researcher also should, under those 
conditions, feel compelled to propose. How- 
ever, this solution to the client’s problem leaves 
open the question of how he can judge whether 
the researcher ‘really’ understands him. That 
is, in what sense should the client understand 
the operations researcher? 

Before the client should feel any compulsion 
to accept .the researcher’s conclusions he has 
the inalienable right to receive assurance not 
only about the researcher's good intentions 
towards him but also about the quality of his 
understanding. It is here that the often made 
claim that OR is ‘scientific’ plays a potentially 
important role. 

To this point in its history the OR com- 
munity has traded heavily upon and actively 
promoted a belief in its scientificity. It has 
become a core element in its self-conception 
[cf. 12] and the pressure which a scientific aura 
exerts on the commissioning and acceptance 
of research outcomes stands out as a possible 
topic for future empirical work [cf. 24]. It is 
only on the basis of this and other related work 
that OR could ever fully understand its actual 
rather than its pre-conceived role in the im- 
provement of social systems [cf.25]. The 
appreciation which its clients have of ‘science’ 
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may, in practice, influence the type of problems 
which OR is asked to work upon and also the 
acceptability of the results. 

However, some of the OR community have 
seen this type of work as only one of the 
‘researchable’ aspects of the implementation 
problem. It has appeared to them much more 
important that OR provides its clients with a 
fully reasoned justification of its scientificity. 
The aim of this work has been to provide such 
a convincing account that the client would feel 
compelled to accept results that OR, as such 
a ‘science’, produced. 

Considering its apparent potential for the 
development of OR only a very small number 
of its community has even attempted this type 
of research, and the work of those few who 
have has gone largely undiscussed. Notable 
contributors to it are Ackoff, Beer and Church- 
man, and this paper is critical assessment of 
some of the key elements of their work. 

Although these writers proceed from a var- 
iety of different directions they all reach the 
same conclusion, viz, that the only way in 
which OR’s scientificity could ever be justified 
is in terms of the methods which it uses for 
research, i.e. its ‘scientific methodology’. The 
implicit line of argument here is that if the 
client accepted and ‘believed in’ the methodo- 
logy he should also accept and believe that the 
results produced by it are useful to.him—on 
the argument that only if a result was useful 
to him would the client feel compelled to 
accept it. The viability of this approach clearly 
depends upon the demonstration of a logical 
connection between the method of inquiry and 
the usefulness of the results. Thus a failure in 
logical coherence vitiates the whole project. 
The long-standing belief of most philosophers 
of science that there was such a logic of science 
which underlay, as their essence, the practice 
of the individual sciences, is now seriously 
challenged (e.g. [23,29]). And yet this is the 
approach favoured by writers on the nature of 
OR. 

It would be interesting to know what impact 
these writers had on the intellectual frame- 
works which guide practising operations 
researchers in their day-to-day work. Clearly, 
there are many other possible sources upon 
which they could draw (not least of which are 
the ‘cultures’ of the organisations within which 
they work), and an understanding of them 


would allow OR to claim that it really pursues 
its inquiries self-consciously. However, it is the 
potential impact of academic ideas on practical 
men which is of interest here, and who else 
but to Ackoff, Beer and Churchman can they 
turn for practical guidance? These writers have 
self-consciously turned to philosophy to pro- 
vide this. Operational researchers are practical 
men seeking sound practical advice, and they 
cannot realistically be expected to check for 
themselves whether or not by accepting it they 
are unwittingly becoming (to rephrase Keynes’ 
words) “... the slaves of some defunct philoso- 
pher” [27]. In the hands of Ackoff, Beer and 
Churchman they are, and a major function of 
this paper is to make them aware of the fact. 

In the final section an alternative to the 
philosophical approach is outlined. It is based 
upon the belief that the best way to a client’s 
heart is the direct one. Clients, as purposeful 
systems, need ‘appropriate’ knowledge to 
enable them to pursue ‘appropriate’ goals. 
Therefore, attempts to systematise the practice 
of OR could usefully focus directly on the 
problems of clarifying and extending the objec- 
tives which clients should and do pursue and 
the types of knowledge which are appropriate 
to these. 

The indirect approach to the client favoured 
by OR’s theoreticians can be seen to draw 
upon the established, but now largely defunct, 
philosophies of science-positivism, pragmatism 
and conventionalism/idealism. A key feature of 
all of these philosophies is their degradation 
of the accumulated knowledge of the estab- 
lished sciences in their vision of the essence 
of science. This is surprising because the suc- 
cess of any science can be reasonably, if 
loosely, defined as the adequacy of its accumu- 
lated knowledge for the objectives which it 
pursues [cf. 29]. No one should expect OR to 
pursue unquestioningly the objectives which 
others have set for themselves, but they might 
reasonably ask OR’s theoreticians to find gen- 
eral ways of adapting them and the associated 
knowledge to their client’s objectives. So far 
no systematic attempt has been made to do 
this, and therefore we are forced to judge OR’s 
theory solely in terms of the logic of its pro- 
posed methodology. The conclusion will be 
that this is as unsatisfactory as the philosophies 
of science upon which it is based. 

‘Before we turn to analyse these philosophic- 
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two further comments must be made. Firstly, 
as the discussion progresses it will become 
clear that most if not all of the blame for the 
malaise of OR’s theory must be laid at the 
door of the systems approach. Secondly, there 
is little hope that developments of the systems 
approach could remedy this situation [cf. 37]. 
This is so because it is the systems approach 
itself which engenders the philosophical out- 
look: the troubles which it creates for its 
adherents are internally generated. In a pre- 
vious paper [13] the viability of the systems 
approach as a basis for the successful practice 
of OR was shown to depend upon its ability 
to incorporate within its framework such 
obviously important real-world phenomena as 
the generation and exercise of power in social 
organisations. It was suggested there that this 
seemed unlikely. In this paper theoretical 
analysis of the systems approach and its appli- 
cation to social organisations (in the hands of 
Ackoff and Emery [10]) justifies that earlier 
suggestion. This analysis therefore starts with 
an examination of the uses to which the sys- 
tems approach has been put and the problems 
which it creates. 


USES OF THE SYSTEMS APPROACH 


Ackoff, Beer and Churchman appear to 
argue that OR’s rapid development depends 
upon gaining widespread agreement in the OR 
community about the objective which it should 
pursue and the general means which should 
be employed. Much of their work is intended 
to persuade the OR community to accept their 
vision of these. 

They have found the ‘systems approach’ very 
much more useful in the specification and justi- 
fication of an objective for OR than it has been 
for the generation and justification of appro- 
priate means. In other words, the systems 
approach is very likely to convince the client 
that his best interests are being pursued, but 
not that they would be met. Although it has 
provided an intellectually unassailable objec- 
tive for OR, in doing this it has simultaneously 
made it practically unobtainable. This result, 
now widely recognised in the OR community 
at least, is the reason why its objective is cur- 
rently put forward as an ideal, i.e. as a highly 
valued objective which it is impossible to 
achieve in practice. The implication of this 


result is not, in itself, grounds for abandoning 
the ideal, but because means do not flow natur- 
ally from it, extra care must be exercised in 
their choice so that they are at least consistent 
with it. So far no one has found a way of doing 
this nor, we shall see, are they ever likely to. 

This is because, fundamentally, the systems 
approach amounts to the injunction to deal 
with nothing less than ‘complex-totalities’ in 
any attempt at system improvement. This view 
is now widely accepted in the OR community. 
Ackoff and Rivett [9], for example, argue that 
OR adopts the “... system’s orientation” when 
“...1t deliberately expands and complicates 
the statements of problems until all the signifi- 
cantly interacting components -are contained 
within it” [9, p. 10]. The ideal of OR is to grasp 
the ‘whole system’ because the justification of 
a claim to have really ‘improved’ a particular 
situation is dependent upon an understanding 
of how seemingly disparate ‘parts’ are related 
as a ‘totality’. Nothing less will satisfy the sys- 
tems approach. 

Even the seemingly practical rule of thumb 
which suggests that problem definitions should 
be expanded until no significant difference to 
the problem solution results [e.g.11] cannot 
escape the whole system ideal. This suggestion 
is only of practical use after the whole problem 
has been defined because without knowledge 
of the whole system we could not be sure that 
an insignificant result was foreshadowing a sig- 
nificant one [cf. 19]. Churchman has gone so 
far as to argue that dealing with this type of 
‘wicked problem’ is a moral imperative for OR 
[16], if it accepts, as he argues it must, a 
“..monistic philosophy: there is one world 
of interconnected entities, not many” [17]. For 
Churchman “... the joy of OR is that it is in 
the centre of the deepest mysteries of the 
human race, because, academically speaking, it 
has taken on the whole system” [18, pp. 8-53]. 

No serious challenge has been or is likely 
to be mounted to the whole-system ideal in 
its own terms because, in essence, it is a taut- 
ology. To exclude potentially significant 
knowledge from a problem definition on the 
grounds that it is in principle irrelevant to real 
improvement is obvious logical nonsense. 

The significance of the so-called ‘alternative’ 
approaches of satisficing and incrementalism is 
merely their different view of what is practi- 
cally attainable, and not their view of what is’ 
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desirable. However, although these alternative 
approaches do not challenge the whole system 
ideal they do point to its weakness as a practi- 
cal guide for action. How are we to approach 
the whole system ideal when seemingly any 
attempt to lay down guidelines to the investi- 
gation of systems must appear, in its terms, 
to be an arbitrary exclusion of potentially rele- 
vant knowledge? If we take the whole system 
ideal seriously it appears that we must have 
full knowledge before we can provide guide- 
lines for inquiry. However, if we had this 
knowledge inquiry would be unnecessary! 
The tautological character of the whole sys- 
tem ideal has provided very solid ground from 
which to attack a variety of attempts to limit 
the freedom of OR to inquiry into the full com- 
plexity of problem situations. In particular it 
prohibits operational researchers accepting 
problems whose nature is pre-defined for them. 
Because Ackoff [1] accepts the whole system 
ideal that “...improv(ing) an organisation’s 
performance ...can only be effectively solved 
by an integrated examination of the organisa- 
tion” [1,p.17] he can easily conclude that 
“where ...(problem)... reductions are imposed 
on the researcher by external forces no prob- 


lem arises other than the one of determining 


whether the problem should be tackled 
under the imposed constraints” [1, p. 30]. Beer 
adopts the same view: “the point to-be made 
is this: operational research must encompass 
the whole of the problem situation, and man- 
agement may not succeed in defining what this 
is” (11, p. 50]. 

The application of given techniques for 
problem solution gets the same short shrift, for 
the same reason, from these and other writers 
e.g. [35,36]. The significance of these attacks 
is that they are symptomatic of the irresistible 
pressure of the systems approach against any 
attempt to ‘understand’ a problem situation 
before it is thoroughly studied. The lesson is 
a salutory one but the unremitting emphasis 
which these writers place on it makes very 
urgent the question of what guidelines can 
operational researchers follow in their inquiries 
without thereby subverting their ideal? 

The prominent writers on OR have all con- 
cluded that the solution to this problem is a 
method of inquiry which does not depend upon 
a view of the whole system. This has been in- 
terpreted to mean a method which is justified 


in its own right, regardless of the subject-matter 
to which it is applied. However, the philoso- 
phies of science which are turned to in this 
quest are made of the same stuff as the systems 
approach. They, too, demand that knowledge 
shall be complete before it is pronounced true. 
To compromise the systems approach is to 
abandon it; so too with philosophies of science. 
Once one steps into the circle of this logic there 
is no way out, but there is also no way forward. 
Astute clients will perceive this and remain 
agnostic. 


OR AND THE PHILOSOPHY 
OF SCIENCE 


Writers on the methodology of OR have, not 
surprisingly, drawn their inspiration from the 
major philosophical options of today, namely, 
positivism, pragmatism and conventionalism/ 
idealism. These philosophies offer methodo- 
logical rules which they claim can be applied 
to determine the validity of any knowledge. 
These rules do not form mutually exclusive sets 
and within broad limits it is possible to consis- 
tently select elements from each. Writers on 
OR invariably do this. 

Positivism prescribes that the limit of valid 
knowledge is ‘phenomena’, i.e. that which is 
actually experienced. Positivists claim that any 
attempt to (as it were) ‘go beyond’ the phenom- 
ena of experience immediately makes knowl- 
edge metaphysical and non-scientific. The im- 
port of this constraint is that we are forbidden 
to ask what it is that produced the data that 
we observe. This type of question is ruled out 
as ‘meaningless’. The status which ‘theories’ 
have, the positivist claims, is limited to their 
role as ways of organising experience. Theories 
do not, in other words, describe any reality 
beyond the experiences which they represent. 
A corollary of these two injunctions is that 
what is really significant about scientific in- 
quiry is only method; questions about the 
‘nature’ of phenomena or the ‘nature’ of 
theories are considered meaningless by positi- 
vists: In other words, it is an implication of 
positivism that an assessment of the scientifi- 
city of a discipline of inquiry is only to be 
made by whether or not it employs an undiffer- 
entiated and unifying method, and not by the 
body of knowledge which it produces. For 
positivists the ‘whole system’ is merely all 
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aspects of all phenomena and so the scientifi- 
city of a discipline of inquiry is not determined 
by which phenomena (or aspects of phenom- 
ena) are chosen for study. For positivists, there- 
fore, the problem of grasping the whole system 
is merely a problem of ‘coverage’. 

Positivism is clearly a contender as a method 
of inquiry with which OR could pursue the 
whole system ideal because no prior commit- 
ment to a view of the whole system appears 
to be required. Its influence can in fact be 
detected. A major example of this is Ackoffs 
emphasis on his belief that “the division of 
science into disciplines was accomplished by 
man, not by nature”, even though he had pre- 
viously argued in the same paper that scientific 


ing a distinctive subject-matter. He goes so far 
as to argue that “the disciplines cannot be indi- 
viduated by a unique set of objects or events 
which constitute their subject-matter, but they 
are distinguished by the aspect of phenomena 
to which they direct their attention” [1, p. 24]. 
It is on this philosophical basis that Ackoff jus- 
tifies the idea of OR as an ‘inter-discipline’: 
the complex totality ideal can be met by the 
employment of an_ inter-disciplinary team 
because, as Ackoff says, “in the operation 
of a system...the aspects...(of pheno- 
mena)... of the system which can be manipu- 
lated so as to improve its performance are 
likely to come from many different disciplines” 
[l,p.25]. Similarly, Beer argues that 
“...mature is the subject-matter of science” 
[11, p.55], and that the grouping of scientific 
knowledge around subjects is merely a histori- 
cal accident which has meant an_ unfortu- 
nate “... hardening of the faculties”. Only for 
the technologist is it relevant to ask “‘What 
is your subject?” because the real scientist has 
to reply “‘I investigate the world’” [11, p. 5]. 
For Beer the raison d’étre of an inter-disciplin- 
ary team appears to be that each member will 
neutralise the ‘bias’ of the others [11, p. 50]. 

The message seems to be that OR is not in- 
terested in scientific knowledge as such. This 
is clearly spelled out by Beer when he says of 
the OR scientist that 


“He has no interest in arguing about the ‘right’ use 
of... (for example)...a psychological term, but only in 
the results. So the OR man is a special kind of scientist, 
for he does not have to bother with determining the 
laws governing basic natural phenomena...(the OR 
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man)... must operate across the various scientific disci- 

plines...” [11. p. 119]. 

Similarly, Ackoff argues that OR is 
“...mot...concerned... with the body of in- 
formation and knowledge which... (science) 
...has generated; that is, not with specific 
theories, laws and facts that have been devel- 
oped in the various physical, life, and behav- 
ioural sciences”. “Instead”, he argues, OR is 
“...concerned with the procedures by which 
science generates this body of knowledge, the 
process of inquiry” [2, p 5] (my emphasis). 

Both the strong emphasis on the role of 
theory (‘academic disciplines) as a mere 
organiser of phenomena and the striking 
degradation of the role of a knowledgeable 
grasp of particular subject-matters in the prac- 
tice of science betrays a clear, but not exclusive, 
(see below), positivist influence 
writers. 

However, any attempt to base OR’s systems 
approach on positivist philosophy can be sub- 
jected to fatal criticisms (as Churchman, for 
one, has pointed out [18]). Firstly, no ‘meta’ 
logic of science has ever been satisfactorily de- 
veloped, and so if this tack is chosen the ‘sys- 
tems approach’ amounts only to an as yet un- 
fulfilled promise, (more on this later). Secondly, 
there are serious doubts about even the possi- 
bility of developing such a logic. 

The basis for this doubt is that such a logic 
would have to rest on what has come to be 
called a ‘neutral observational language’. Posit- 
ivists claim that facts and theories constitute 
qualitatively independent domains and, as the 
logic of science is the logic of theory choice. 
some means of transcending these domains is 
therefore required. This is the envisaged role 
for a neutral observational language. However. 
it has been pointed out by some philosophers 
that there is no such thing as ‘pure experi- 
ence’-—theory-free observations. Because of the 
inextricable relationship between facts and 
theories they cannot be judged by the facts 
alone, because the attempt to do so involves 
a circular dependence upon either the’ theory 
in question or other theories. Thus, there could 
not possibly be a positivist systems approach 
because “...the data of experience always 
leave scope for more than one explanatory hy- 
pothesis, and which one is chosen cannot be 
determined by experience” ([28, p. 159]. 
Because theories cannot be tested by the facts 


on these 
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alone, the attempt to do so means that the 
larger view (the whole system) within which 
they make ‘sense’ is taken for granted, a point 
which Churchman has often made. This criti- 
cism is fatal because for OR the larger system 
is, according to the systems approach, the 
object of inquiry. 

For positivists the larger system does not 
exist as such; it exists only as ‘phenomena’. For 
them there are individual ‘sciences’ only in the 
sense that groups of people focus their atten- 
tion on particular clusters of phenomena. As 
far as the positivist is concerned, because 
the theories of the specialist sciences merely 
‘mediate’ their particular phenomena, they are 
not themselves a part of ‘knowledge’. As 
Kolakowski points out, for the positivist the 
theoretical knowledge produced by the various 
sciences is merely “...a collection of guide- 
lines, useful and indispensable in practice, but 
devoid of truth value” [28, p.52]. And so it 
is for Ackoff and Beer, as we have seen. Their 
phenomenalist emphasis is, then, very definitely 
positivist. However, their emphasis on method 
is not because on this topic positivism has little 
to offer. Their elaboration of a methodology 
for OR has, in fact, drawn upon pragmatism. 

At first glance pragmatism and positivism 
appear to be completely distinct philosophies, 
in the sense at least that pragmatism argues 
that the real meaning of theories is their practi- 
cal application, and not merely their organisa- 
tion of sense data. However, Kolakowski [28], 
amongst others [e.g. 23], has argued that at a 
deeper level pragmatism is merely the trans- 
lation of positivism into a ‘way of life’. Both 
Ackoff and Beer are self-declared pragmatists, 
and Beer explicitly bases his argument for the 
scientificity of OR on the founder of pragma- 
tism, Charles Peirce [see: 11]. An analysis of 
Peirce’s work shows quite clearly its positivist 
foundations. (My analysis closely follows that 
of Habermas [23]). 

On the face of it pragmatism is ideally suited 
to meet the needs which OR’s theorists have 
seen the systems approach create. This is so 
because it directs attention away from the 
positivistic focus upon the logical structure of 
theories towards a concern with the methods 
by which theories are generated and tested. 
The appeal of Peirce’s work to OR is also 
strengthened because of his commitment to the 
view which sees science as an organic, adaptive 
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process which inexorably increases man’s 
power to control the world. The basic pragma- 
tist assumption (as Habermas notes) is “that 
we may rely on the effective functioning 
of ... (science as)... a self-regulating, cummula- 
tive learning process” [23, p. 93]. 

From this basic value-judgement is derived 
the role of the philosophy of science. Its goal 
is the demonstration of the truth of the 
assumption. Peirce and his followers attempt 
to achieve this through an analysis of the logic 
of the methods of science. Thus, pragmatists 
claim that there is a “logic of scientific pro- 
gress” [23, p. 94]. 

The specific philosophical task which prag- 
matists face is a demonstration that ‘method- 
ology’ can produce ‘reality’. This is, to say the 
least, very difficult, and it is made even harder 
for Peirce because of his determination to dis- 
tinguish his work from positivism. To do this 
he heroically abandons the notion of reality 
as existing ‘in itself and resolves to talk only 
about methodology (cf. Churchman [15]—who 
resolves that ‘facts’, from a methodological 
viewpoint, are ‘theories’). However, remaining , 
entirely faithful to methodology creates in-+ 
soluble problems. The most important of these 
is that without some knowledge of reality that 
is independent of our methodology (which 
Peirce describes at great length, but whose 
specifics are not directly relevant here) we can- 
not know if our methodology puts us in touch 
with ‘reality’. 

The pragmatists answer to this is a reasser- 
tion of their basic assumption: science just is 
progressive in the long-run, and at the end of 
the process of inquiry as a whole we will be 
forced to conclude that we have grasped re- 
ality. Therefore, they argue, reality is, in the 
long-run, a ‘correlate’ of methodology. How- 
ever, the ‘long-run’ is a ‘long-way’ off, and we 
clearly need some assurance that usable knowl- 
edge will be produced in the interim. Therefore, 
Habermas notes that pragmatists must’ also 
“., assume at the same time that, in increasing 
measure, we objectively arrive at true state- 
ments even before the consummation of this 
process—despite subjective uncertainty about 
the truth value of every single one of these 
statements” [23, p.110]. Churchman in_par- 
ticular has come across this difficulty in his 
own work, and has been unable to find a satis- 
factory resolution of it (see below). 





Omega. Vol. 7, No. 3 


In the face of this problem it is not logical 
to argue—as both Ackoff and Beer appear to 
do—that, nonetheless, the methods of science 
do produce an understanding of reality 
because, referring to Habermas again, “if we 
assume that reality is not constituted indepen- 
dently of the rules to which the process of in- 
quiry is subject, then we cannot refer to this 
reality to justify the validity of the rules of the 
process...” [23, p. 118]. 

So, the theories of measurement put forward 
by both Ackoff [2] and Churchman [15] on 
the pragmatist ‘ticket’ stand in need of more 
justification than they themselves provide. 
Churchman in particular [17,19] has come to 
realise that the validity of measurement is con- 
ditional upon a valid conception of the whole 
system. This has led him to promote Hegelian 
philosophy [19] as a possible solution because, 
as Habermas points out, “...the identity of 
concept and object, which Peirce had first de- 
rived from a methodological conception of 
truth and thus understood as an interpretation 
of the fact of scientific progress, can only be 
justified in terms of an idealism that is not un- 
like Hegel’s” [23,p. 111]. There are, however, 
great difficulties involved in taking this route, 
not least of which is that “... the conception 
of a progressive embodiment of ideas, which 
dominates Peirce’s later philosophy... (and 
Churchman’s work)..., cannot evade the diffi- 
cult concept of nature as an absolute-subject” 
[23, p. 111], (my insertion). Only Churchman 
has faced up to this necessity, but he has been 
unable to show how the use of Hegel’s philo- 
sophy can avoid the presupposition of the 
whole system and so provide a methodology 
for investigating it. 

Even though the logic of his argument led 
him there, Peirce did not himself pursue the 
line which Churchman has picked up. Instead 
he gives up his attempt to justify the objectivity 
of inquiry in terms of its intrinsic logic, and 
he turns instead to the ‘logic of language’. He 
claims, but is unable to show [23, p. 107] that 
language is gifted with an ‘index property’ 
which means that it ‘indirectly’ captures the 
“facticity of reality”. Ackoff [particularly 10] 
and Beer [11] both rely on this kind of argu- 
ment. Beer explicitly follows [11, p. 121] Peirce 
and Ackoff vigorously promotes the opera- 
tionalisation [10] of definitions—to what effect 
we shall see in the next section. 


225 


This notion of the nature of language makes 
it very difficult to comprehend the pragmatist 
programme because although it provides a 
guarantee of ‘objectivity’ to inquiry it turns the 
knowing mind “...into a series of empirical 
events,...(and)...then what remains is 
nothing but universal matters of fact existing 
in themselves and the combinations of signs 
through which these matters of fact are repre- 
sented” [23, p. 137]. A sceptical client could be 
forgiven for with-holding assent to research 
with this methodological justification. 

This particular weakness of pragmatism has 
prompted its supplementation by a conven- 
tionalist/idealist overlay. It finds expression in 
the work of virtually all serious thinkers on 
OR and is strongly influential in Churchman’s 
work in particular. For the conventionalist 
idealist there is a dominant role for ideas in 
grasping the whole system. This is because 
ideas are seen to determine facts (rather than 
being facts or being determined by them). Hence 
the emphasis on the importance of conceptual- 
isation that we often find in the writings on 
OR. 

Conventionalist/idealists charge positivists 
with taking the whole system for granted. A 
more cogent way of making this point is to 
notice that because positivists restrict knowl- 
edge to phenomena and treat theories as 
merely organising they are unable to dis- 
tinguish between the accidental pairing of 
events and the existence of true casual relation- 
ships. In other words, positivists take the wnole 
system for granted because they are unable and 
are forbidden to inquire into how phenomenal 
events are related. As Keat and Urry [26] put 
it: “...in explaining any particular phenom- 
enon, we must not only make reference to 
those events which initiate the process of 
change: we must also give a description of that 
process itself. To do this, we need knowledge 
of the underlying mechanisms and structures 
that are present, and the manner in which they 
generate or produce the phenomenon 
trying to explain” [p. 30]. 

For both the positivist and the pragmatist 
there are no underlying realities which play a 
direct part in the practice of science. As regards 
pragmatists Kolakowski points out that for 
them “it makes no sense to ask ‘How are things 
really constituted?” but only ‘What do I get if 
I believe this or that?” [28, p. 191]. However 


we are 
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the conventionalist/idealist also does not see 
any role for underlying realities. For example, 
Rivett argues that a major difficulty of doing 
OR is that “there is, of course, no such thing 
as an Operational Research problem. There are 
not even such things as problems, in a concrete 
form. The problems only exist in our minds. 
Hence there is a purely subjective basis to our 
subject” [36, p.243]. However, placing so 
much stress on the subjectivity of OR raises 
doubts about the ‘realism’ of its idealisations, 
i.e. whether they are capable of grasping the 
totality and complexity of the whole system. 
The doubt is justified when we look at the 
notion of totality which has currency in OR 
circles. 

Although we have seen Ackoff and Beer 
argue in positivist mode, they also sometimes 
argue in conventionalist/idealist mode. Thus, 
Beer argues that “...coherence, and pattern 
and purpose are, all three, acts of mental recog- 
nition rather than characteristics of physical 
things ... (because)... the detection of a system 
in the world outside ourselves is a subjective 
matter” [11, p.243]. Similarly, Ackoff argues 
that systems are “... subjective insofar as the 
particular configuration of elements that 
form...(it and its environment)...it dictated 
by the interests of the researcher” [5, p. 84]. 
This approach is justified only if we accept that 
the reality of a system can only be captured 
in its overall ‘total’ properties. That is to say, 
if we accept Ackoffs view that “a system is 
more than the sum of its parts” [6, p. 13], and 
that wholeness is an emergent property which 
is primary to the parts. This definition of a sys- 


tem, following as it does from a conventiona-— 


list/idealist viewpoint, denies the importance of 
any reality underlying the whole, as this is con- 
ceived by the researcher. In particular, it denies 
the reality of the system’s ‘structure’ which 
would seem to be the very thing which we 
require to understand, if we are to understand 
it as a complex totality. Compare Ackoff's view 
of totality with the “operational structuralism” 
described by Piaget: 


“Over and beyond the schemes of atomist association 
on the one hand and emergent totalities on the other, 
there is, however, a third, that of operational structur- 
alism. It adopts from the start a relational perspective, 
according to which it is neither the elements nor a whole 
that comes about in a manner one knows not how, but 
the relations among elements that count. In other words 
the logical procedures or natural processes by which the 
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whole is formed are primary, not the whole, which is 

consequent on the system’s laws of composition, or the 

elements” [34. pp. 8-9]. 

With the structuralist concept of totalities we 
are at least led to ask how totalities (for 
example, organisations and their environments) 
are structured and how and why those struc- 
tures change. In short, with such a notion of 
totality and complexity we are encouraged to 
apply and generate relevant knowledge (scien- 
tific and lay) of the systems laws of composi- 
tion. With the conventionalist approach, how- 
ever, we are restricted to the level of subjective 
ideas about ‘the system’. Because they cannot 
obtain a warrant of (at least) presumptive 
objectivity by reference to real-world struc- 
tures, conventionalists turn to the way in which 
the ideas are developed, and they hope to find 
objectivity in this process. Churchman’s Hege- 
lian Inquirer [19], Ackoff’s Circular Organisa- 
tion [6] and Checkland’s version of the systems 
approach [4] all seem to be inspired by this 
hope. However, these writers have yet to pro- 
vide any good reasons (either argumentative or 
evidential) why this hope is a realistic one. 

Doubts arise because it is hard to see how 
these schemes avoid any reliance upon an im- 
plicit grasp of the nature of the system which 
the process of inquiry is intended to reveal. The 
burden of proof here lies with the proponents 
of such schemes. We have seen that Church- 
man has been unable to discharge this burden 
because he is forced on to the Hegelian presup- 
position of nature as ‘absolute subject’. Unless 
we could convince the client to believe in this 
notion, inquiry would, in Churchman’s scheme, 
be meaningless to him. 

Ackoffs circular organisation, which is 
related to his earlier scheme of adaptavising 
[4], is also unlikely to be able to avoid making 
at least some assumptions about the nature of 
the social world. Objective problem-solving for 
him is, in fact, a ‘correlate’ of a particular form 
of social organisation. However, because his 
conventionalist approach forbids any direct 
reliance upon knowledge of the real structure 
of social systems his assumptions could only 
be realistic by chance. 

In recent work with Emery [10] Ackoff has, 
in fact, applied all of his philosophical insights 
to the development of concepts by means of 
which systems scientists can analyse social sys- 
tems. In this work, therefore, we have a unique 
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opportunity to examine the fruitfulness of the 
philosophical approach to one specific problem 
area—understanding social systems. Of special 
interest is Ackoff and Emery’s determination 
to avoid any systematic reference to the estab- 
lished knowledge of the social sciences, and to 
build ab initio the ‘special’ concepts which they 
believe the systems sciences need. The motive 
for this is the philosophical desire to avoid 
taking any part of the whole system for 
granted. To meet this need they rely heavily 
upon operationalising a priori definitions for 
use in measurement. However, we shall see 
that, contrary to their intentions, they are 
forced to take their ‘data’ for those measure- 
ments as ‘given’ to them by an underlying 
social system. Their measurement concepts will 
be shown to depend upon an implicit grasp 
of the nature of social systems which is 
strongly at variance with the accumulated 
knowledge of the social sciences. 


ACKOFF AND EMERY’S TREATMENT 
OF SOCIAL REALITY: 


The core of Ackoff and Emery’s work is the 
attempt to provide a system of concepts which 
can be used to“... open to public examination 
the study of the mind’s inner workings”, and 
to do this so that all reference to internal sub- 
jective states is avoided. They wish to restrict 
attention to observable behaviour and rigor- 
ously defined concepts by means of which the 
observations are ordered and manipulated 
(they call these concepts idealised operational 
definitions and measures). The major concepts 
which they devlop to both measure and explain 
human behaviour are: (a) the concept of ‘fami- 
liarity’ which refers to a subject's preference for 
certain means in pursuing a course of action, 
(b) the concept of ‘knowledge’ which ‘refers to 
the subject’s knowledge of the efficiencies of 
courses of action for certain ends, and (c) the 
concept of ‘intention’ which refers to the prefer- 
ence the subject has for various ends. These 
three concepts define the ‘personality’ of the 
subject, and they claim that it is “...an 
observable function that describes how an indi- 
vidual or system converts a choice situation 
into an expected relative value for himself or 
itself”. The claim is that we can measure each 


‘parameter’ of the ‘purposive state’ indepen- 
dently. Thus: 
“in measuring familiarity, knowledge and intention are 
held constant. In measuring knowledge, familiarity and 
intention are held constant. In measuring intention. 
familiarity and knowledge are held constant” [10, p. 42]. 


Over a large number of trials they claim (for 
example) that we can arrive at a relative fre- 
quency score which is a real measure of prefer- 
ence for ends. Can we, in fact, by restricting 
ourselves to observable behaviour and their 
concepts, derive such a measure? 

Consider the problem of actually using their 
scheme. Suppose we wish, for example, to 
measure a subject’s ‘belief in efficiency”. We are 
told that: 

“As: long as there is the possibility that the individual 
in this environment is pursuing many different ends, we 
cannot use his behaviour directly as evidence of what 
efficiency he believes a course of action to have with 
respect to any one outcome, for we do not know with 
respect to which outcome his behaviour can be taken 
as an indicator of such belief”. 

“(Thus)... to determine an individual's belief in the effi- 

ciency of a course of action for any outcome, it is necess- 

ary for us to isolate the outcome so that his choices 
cannot be taken to be serving any other objectives” 

[10. p. 91). 

How would one know, in the first place, 
whether there was any possibility that the indi- 
vidual had different ends? According to their 
scheme the answer is simple: all we have to 
do is to control for beliefs in efficiency and 
knowledge and then measure the ends that the 
individual is actually pursuing in this environ- 
ment. But it was beliefs in efficiences that we 
were concerned with in the first place! To hold 
them constant we have to know them but to 
know them we have to hold them constant! 
It seems as though Ackoff and Emery’s scheme 
of measurement presupposes that the very 
knowledge sought for is already at hand. 
Exactly the same circularity is involved if we 
desire to measure other elements of an indivi- 
dual’s personality. 

Given that it is impossible (in particular) to 
measure an individual's ends, it is difficult to 
see how the role which Ackoff lays-down for 
manager and management scientist of reconcil- 
ing the conflict between the goals of indivi- 
duals, organisations, and environment (e.g. [8]) 
can be met, unless it is assumed that they are 
in some way already systematically related. 
Ackoff and Emery do presume, for example. 
that there is a systematic dependence between 
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the goals of an organisation and the goals of 
individuals when they define an organisation 
as a social system with collective or common 
objectives. Without attempting to provide any 
justification for this view they assert that it is 
“the intention to coproduce common objec- 
tives...(which)... produces the interactions 
that lead individuals to cohere as a social 
group” [10, p. 213]. This is a very convenient 
assumption in view of the weakness of their 
measurement methodology because it is tanta- 
mount to assuming that an individual’s pur- 
poses are determined by the collective goals, 
that is, the goals of the organisation. If this 
were true it would provide the needed fixed 
point for their scheme to be operative, but 
there can be no purely methodological warrant 
for such an assumption. Also, the previously 
common practice amongst some social scien- 
tists of assuming a consensus of goals and 
values among the members of a social system 
has attracted so much criticism 
(e.g. (21, 22, 30,35]) that it has all but been 
abandoned by them. A good deal of this criti- 
cism has been focussed around the neglect of 
the social realities of power and conflict which 
it involves. The issue here is not that character- 
ising social systems in terms of power and con- 
flict is necessarily more realistic, it is that neg- 
lect of these phenomena betrays a lack of un- 
derstanding of the nature of social reality, and 
hence prevents an adequate grasp of the ‘whole 
system’. 

Assuming that there is a systematic depen- 
dence between the goals of the social system 
and the individual members is equivalent to 
assuming that there is no real conflict between 
them. As Ackoff himself says, any conflict must 
be ‘apparent’ [7]. In Ackoff and Emery’s con- 
ceptual universe there cannot be conflict over 
the “common objective” but only “... with re- 
spect to other objectives or... with respect to 
the courses of action by which the common 
objective should be pursued” [10, p. 214]. Note 
also that because of Ackoffs definition of a 
totality as an emergent property which is prior 
to the parts, he could not (and does not,[7]) 
accept the possibility of an unresolvable con- 
flict between the parts and the whole. If he 
did the ‘whole’ would cease to exist in the sense 
in which he claims that it does. 

His treatment of conflict in social systems 
again falls foul of the vicious circularity of 
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reasoning which seems inevitable if serious 
reference is not made to the nature of social 
reality. Ackoff charges operations researchers 
with the task of contriving to remove any con- 
flicts which are reconcilable ‘in principle’ [7]. 
The ‘principle’ he has in mind is that oper- 
ations researchers should seek to discover 
whether a“... conflict that appears to be unre- 
solvable at one level of means or ends is sub- 
ject to resolution at a higher level of desirabi- 
lity” [7, p. 96]. However, as he defines the ele- 
ments of a social organisation as ‘subsystems’ 
of larger ‘systems’ it is unlikely any conflict 
could be found which he would consider unre- 
solvable. 

It is an axiom of Ackoff’s systems view that 
a ‘higher’ system can always be found as the 
only limits to systems boundaries are the sub- 
jective conceptualisations of the analyst [5]. To 
admit that a conflict was unresolvable in prin- 
ciple would mean, therefore, that his systems 
approach had failed. Ackoff would, no doubt. 
admit this as a possibility but it is entirely un- 
helpful to define ‘real’ conflict as a by-product 
of the outcome of the work of systems scientists. 
Ackoff provides them with a powerful motiva- 
tion to tackle some forms of conflict in social 
organisations, but does not and cannot provide 
them with the tools with which to proceed. 

This very one-sided treatment of conflict is 
matched by the total and explicit neglect of 
the problem of power. Ackoff and Emery “note 
that co-operation and conflict exhaust the ways 
in which one individual can affect the expected 
relative values of others” [10, p. 197]. However. 
there is an implicit definition of power in their 
scheme. Because “one system can affect the be- 
haviour of another... by producing a change 
in one or more of the four components of the 
other system’s choice situation, or in one or 
more of the other’s parameters of choice” 
[10, p. 142], the extent to which one entity can 
manipulate these defines his power in the terms 
of their scheme. This power would, however, 
only be measurable in their scheme from obser- 
vations of the behaviour of both entities. Lukes 
[32] amongst others [e.g. 33] has criticised this 
procedure on the grounds that “... the bias of 
the system is not sustained simply by a series 
of individually chosen acts, but also, most im- 
portantly, by the socially structured and cultur- 
ally patterned behaviour of groups, and prac- 
tices of institutions...” [32,p.21]. In Ackoff 
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and Emery’s scheme we are forced to assume 
that the lack of power related behaviour (par- 
ticularly conflict) means that it does not exist. 
With their view of power we are forced into 
the position of saying that the only social 
dimension to power is its manifestation in indi- 
vidual acts. If, as seems likely, power operates 
in more subtle and covert ways by being, for 
example, implicit in forms of social structure, 
ignoring this possibility implies that in our 
studies we merely reproduce whatever bias 
there is in the system. 

Recognising a distinctly social dimension to 
power seems indispensible for OR [13]. Unless 
we recognise it as a possibility we are forced 
to conclude that, for example, the subjective 
expressions of interests of individuals and 
groups coincides with what could be termed 
their ‘objective’ interests, that is, the goals that 
the individual would have if, for example, he 
had ‘perfect knowledge’. Churchman has, so 
far, struggled unsuccessfully with this idea. For 
Ackoff to convince us that he had, in any par- 
ticular situation, really reconciled the goals of 
individuals, organisations and their environ- 
ments would, therefore, require a demon- 
stration that this was achieved in terms of 
objective interests and not merely subjective in- 
terests. As Churchman has pointed out, it is 
the responsibility of the operations researcher 
“...mot merely to translate what the client 
says his needs are, but to study these needs 
in relation to the broader aims of the client” 
[17. p.13]. Ackoff and Emery’s conceptual 
scheme does not allow us to investigate these 
‘broader aims’ in terms of the individual’s 
social situation. 

To summarise and conclude this section, 
Ackoff and Emery’s strictly philosophical 
approach to investigating social organisations 
is incapable of dealing with obviously impor- 
tant dimensions of social reality. This failure 
arises because of the neglect of the social 
sciences which philosophy encourages and legi- 
timates. These authors could not reasonably 
expect a client to accept the results of research 
into social organisations on the basis of their 
methodological approach. 


AN ALTERNATIVE APPROACH 


The failure of philosophical approaches to 
the problem of providing clear and practical 
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guidance to operational researchers raises the 
urgent question of what other general options 
are available and likely to be viable. It is only 
a partial solution to suggest that OR takes 
more seriously accumulated scientific knowl- 
edge because unlike most normal scientific 
disciplines OR’s approach to the world is nor- 
mative, not merely descriptive. The lesson 
which should be learned from the failure of 
these philosophies is, rather that no completely 
general grounds for establishing the truth of 
knowledge exists [cf. 31]. If OR is to justify 
its research it must take full cognizance of the 
diversity of grounds which exist, and work out 
the implications for inquiry which these pose. 
There are as yet no completely acceptable ways 
of classifying these grounds and drawing out 
their implications but one useful scheme has 
been suggested by Habermas [23]. He suggests 
that the grounds for justifying knowledge 
should be sought in the specification of the 
basic needs of communal existence. From the 
activities which are necessary for pursuing 
these needs flow the significant problems of in- 
quiry. While one can and should refine and 
extend them, he proposes three major ‘know- 
ledge-interests’ and three corresponding 
sciences. 

Firstly, there is the knowledge-interest in 
‘technical control’. The knowledge appropriate 
for meeting this interest is that produced by 
the experimental (predominantly physical) 
sciences who attempt to provide through rigor- 
ously controlled procedures replicable knowl- 
edge of objectified processes. This type of 
knowledge currently dominates OR theory and 
practice. Secondly, there is knowledge-interest 
in ‘interaction and communication’—the neces- 
sity for knowledge here is to sustain existence 
as communal. The knowledge appropriate for 
this interest is that produced by the ‘hermeneu- 
tic’ (predominantly social) sciences, who pro- 
vide knowledge of social practices which can 
be consensually validated as true by social 
actors. The objectives of these sciences is to 
promote widespread understanding: of these 
practices by the participants and not to pro- 
vide a basis for their technical control. Hence, 
a dominant role for the methods of the physi- 
cal sciences would be out of place here. 

Whereas the second interest is in self-under- 
standing, the third knowledge-interest is in 
‘self-control’—the necessity for knowledge here 
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is to understand the origins of social practices. 
Sustained communication and interaction is a 
necessary backdrop against which the pursuit 
of knowledge for technical control should pro- 
ceed. Similarly, the sustained awareness of the 
origins of social practices is necessary as a 
backdrop against which they should be under- 
stood. The knowledge appropriate for this in- 
terest is produced by what Habermas terms the 
‘critical sciences’ whose focus is on the way in 
which social and other structures (e.g. econo- 
mic) subvert real needs. 

At various points in their works writers on 
the nature of OR do in fact advocate the pur- 
suit of all of these knowledge interests. How- 
ever, confusion results when the interest of 
communication, interaction and _ self-control 
are pursued by the methods appropriate only 
to the interest of technical control. Thus, the 
investigation and resolution of conflict, which, 
if not predominantly, is, in its important 
aspects an activity of the hermeneutic and criti- 
cal sciences, requires the application and devel- 
opment of social-scientific knowledge. Seen in 
this light Ackoff and Emery’s attempt to de- 
velop knowledge of this social practice ade- 
quate for the interest of technical control was 
doomed to failure from its inception. 

The general lesson to be learned from the 
failure of the philosophies of science to ade- 
quately define the nature of OR as a science— 
adequate to its whole system objective—is that 
philosophical analyses of ideal methods should 
be abandoned in favour of attempts to define 
and measure real knowledge interests and the 
knowledge which is necessary for their pursuit. 
If we follow the classification provided by 
Habermas there is clearly a much greater role 
for the social sciences in this model of the prac- 
tice of OR than would be apparent from the 
works of the prominent theoreticians of OR. 


SUMMARY AND CONCLUSION 


None of the philosophies used by Ackoff, 
Beer and Churchman provide good grounds 
for compelling a client to accept the results of 
any investigation. 

Positivism cannot interpret the phenomena 
to which it is restricted and pragmatism cannot 
justify its logic of inquiry without referring to 
a view of the whole system which exists before 
its inquiries are complete. Conventionalism/ 
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idealism cannot justify its ideas in their own 
terms and insofar as it attempts to make them 
objective in terms of a process of inquiry it 
has to refer implicitly to the real world. These 
processes therefore are merely a variant of the 
pragmatist’s logic of inquiry which itself 
requires some external justification. 

The failure of these philosophies highlights 
the basic weakness of the systems approach. 
This is the belief that true knowledge is tran- 
scendental in the sense of having some undeni- 
able, fixed foundation which is independent of 
human purposes and social practices. Chasing 
this ideal has shown it to be a will-o’-the-wisp, 
and the game should now be abandoned to 
philosophers. 
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Why is it that the problem of scheduling is so computationally difficult to solve? At last recent 
developments in modern mathematical complexity theory are providing some insights. The paper 
describes in essentially non-mathematical terms the computational technique known as the ‘Branch 
and Bound Method’. This, the best general optimising technique available for scheduling, is also 
shown to have its limitations. It now appears that efficient computational and optimising algorithms 
are unlikely ever to be found for all except special cases of the general industrial scheduling 
problem. It seems that heuristic (rule-of-thumb) methods leading to approximate solutions are 


likely to offer the only real promise for the future. 


INTRODUCTION 


THE SEEMINGLY paradoxical situation where- 
by the industrial scheduling problem, even in 
its most elementary form, appears to be so dif- 
ficult to solve and yet so easy to describe, has 
puzzled research workers in this area for many 
years. It has not, however, dampened enthu- 
siasm or optimism that one day the problem 
will be cracked. Support for this view has de- 
rived from the fact that analytical optimising 
methods have been developed for a number of 
specific scheduling problems, involving in par- 
ticular one or two machines. 

Perhaps the most famous of these methods 
is that due to Johnson [6] who examined the 
flow scheduling problem where the number of 
jobs was unlimited but the number of machines 
was restricted to two. The term job is, in this 
context, understood to represent either a single 
item of product or a batch of products, and 
flow scheduling indicates that the order of pro- 
cessing of the jobs is the same on each 
machine. It is further assumed that the jobs 
are indivisible. Johnson’s method provides an 
optimal solution by generating a schedule 
sequence that minimises the overall time to 
complete the schedule or as it is often called 
in the literature on this subject, the makespan 
time. 


Johnson's method is stated below without 
proof and is applied to a simple illustrative 
example. 


Johnson’s method 


(1) List «(j, 1) and t(j, 2) the processing times 
for n jobs labelled j, (where j = A, B, 
) on the two machines 1 and 2. 


(2) Determine the minimum processing time 
amongst the ¢(j, 1) and t(j, 2). 


(3) If it is a machine 1 time, put the corre- 
sponding job to the front of the sequence. 


(4) If it is a machine 2 time, put the corre- 
sponding job to the rear of the sequence. 


(5) Cross off both times for the job just allo- 
cated. 


(6) Repeat from step 2 onwards with the 
reduced set of job times. The allocation of 
jobs at each stage by steps 3 and 4 being 
made working inwards (see example illus- 
tration problem) from the front or the rear 
of the job sequence so far determined. 
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(7) In the case of ties between the times for 
different jobs on the same machine, any 
order of processing of these jobs may be 
chosen. To provide an unambiguous tie 
breaking rule, we will always allocate such 
jobs in the same order that they were 
actually considered and if there is a choice 
between allocating to the front or back of 
the sequence, we will arbitrarily choose to 
always allocate to the front. 


EXAMPLE PROBLEM 


The processing times for a two machines 
and four jobs example problem are given in 
Table 1. 

If Johnson’s method is now applied to this 
problem, the stages that will be gone through 
are as illustrated in Table 2, from which it will 
be seen that the optimal (minimum makespan) 
job sequence is C, B, D, A. The corresponding 
Gantt chart representation of the complete 
schedule is shown in Fig. 1 and it will be seen 
that the minimum makespan time in this case 
is 39, 

Johnson’s method is an example of an algor- 
ithm. The term algorithm is defined by 
Chambers Twentieth Century Dictionary as ‘a 
rule for solving a mathematical problem in a 
finite number of steps’. The importance of 
algorithms derives from the fact that they are 
necessary for the creation of programs for the 
solution of problems by computer. 

A procedure can always be formulated which 
will consider each job in turn in each possible 
position in the sequence, so that a complete 
enumeration of alternatives is carried out. Such 


TABLE 1. 





Job processing times 
M/c 1 M/c 2 
t(j, 1) t(j, 2) 








TABLE 2. 





Sequence 











113 2123 3334 39 


TIMESCALE 


0 4 


Fic. 1. Gantt chart representation of the sequence C, B, D. 
A for the example problem. 


a procedure cannot be said to be mathemati- 
cally elegant but nevertheless this too may be 
described as an algorithm. A total enumeration 
algorithm of this kind designed to generate 
sequences in, say, lexicographical (i.e. diction- 
ary) order would, when applied to the example 
problem, produce the entire set of alternative 
sequences and in the order shown in the tree 
diagram of Fig. 2. The sequence in each case 
is read as the successive nodes linked by the 
branches running from the root (i.e. node all, 
indicating that all sequences are linked to this 
the root of the tree) to the highest level in the 
tree. Thus, for example, the first four sequences 
generated are read from left to right in the tree 
as A, B, C, D; A, B, D, C; A, C, B, D and 
A, C, D, B. The computed makespan times are 
shown alongside the last node in each sequence 
branch in Fig. 2. It is clear therefore that the 
optimal solution is C, B, D, A with makespan 
time of 39, the same as obtained by Johnson’s 
algorithm. 

What is also clear from a comparison of the 
two approaches is that Johnson’s algorithm 
required 4 calculations whereas complete enu- 
meration involved 24 (corresponding to the 24 
separate sequences generated). For the general 
case of n jobs, Johnson’s algorithm involves n 
calculations and complete enumeration 
requires n! = n(n — 1)(n — 2)(n — 3)...1. The 
amount of computation is a function therefore, 
of what may be described as the ‘size of the 
problem input’ as represented by n and n! re- 
spectively for the two approaches. If the com- 
putations are, as we assume, to be performed 
by computer, then the execution time of an 
algorithm which may be viewed as an effective 
measure of its efficiency, will, roughly speaking, 
be proportional to the number of calculations 
performed: which is in turn, as we have seen, 
a function of the size of the problem. It is use- 
ful therefore to differentiate between: 


(1) Inefficient exponential time algorithms that 
give rise to execution times that increase 
rapidly with the size of the problem input, 
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THIRD 
LEVEL 


FOURTH 
LEVEL 


MAKESPAN = g 44 
TIME vols 


45 50 530 44 49 44 40 44 44 44 45 44 


©) 
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39 41 40 45 46 45 45 45 45 


Fic. 2. Complete tree of alternative sequences arranged in lexicographical order. 


or more specifically at what might loosely 
be termed ‘exponential’ rates of growth. In- 
cluded in this exponential time group is the 
n! case for the total enumeration algorithm 
just described and also cases of even faster 
growing execution times proportional to 
some number to the power of n, for some 
problems. 


(2) Efficient polynomial time algorithms that 
result in execution times that increase rela- 
tively slowly with the size of the problem 
input, at a rate which in general can be 
represented by a polynomial function of n. 
That is a function involving one or more 
of the following terms n, n?, n° etc. Usually 
it is sufficient in this context to define effi- 
cient algorithms as those which are 
bounded by a second degree polynomial 
time function. It is apparent therefore, that 
Johnson’s algorithm is efficient. 


Ever since Johnson published his algorithm, 
many attempts have been made and using a 
variety of optimising criteria, to discover effi- 
cient polynomial time bounded algorithms for 
the flow shop scheduling problem involving 
more than two machines and for the more gen- 
eral job shop scheduling problem where the 
various jobs may take different routes through 
the machines. With the exception of a few 
algorithms such as those developed for the 
single machine case by Smith [14] and Moore 
[13], a variation of the two machine problem 
by Jackson [5] and an extension by Johnson 
[6] of his two machine algorithm to a very 


restricted form of the three machines problem, 
relatively little progress has been made in dis- 
covering efficient algorthms for the scheduling 
problem. 

It is clear that total enumeration algorithms 
are restricted as practical methods to problems 
of very small size. For problems of even 
modest size, such is the power of the exponen- 
tial execution time requirement that although 
finite it would, if a computer were assigned to 
the task, take years of continuous computation 
before a solution would be generated. 


THE BRANCH AND BOUND METHOD 


If the total enumeration of alternatives is not 
possible, then perhaps a partial enumerative 
approach is? Such a technique is available and 
is usually referred to as the branch and bound 
method. The name derives from the fact that 
schedule sequences are built up by the gener- 
ation of selected branches of the solution tree. 
The decision as to which branches should be 
generated and to what level, is determined by 
the calculation, at the appropriate nodes, of a 
lower bound on the partial sequence repre- 
sented at that stage. When a sequence is gener- 
ated which has a value less than or equal to 
any of the generated node lower bounds, then 
that schedule is the optimal solution. 

To illustrate this important technique, a 
branch and bound algorithm is developed for 
application to the two machine flow shop and 
will be discussed in relation to the simple 
example problem described earlier. To avoid 
the usual mathematical complexities, the 
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ROOT LEVEL 


SECOND 
LEVEL 


LB(C,AB) 


FOURTH 
LEVEL 


LBIC,A,D) 


= 40 = 46 


MAKESPAN MAKESPAN 
TIME=44 TIME=39 


Fic. 3. Tree generated by branch and sound algorithm in determining the optimal solution (sequence 
C, B, D, with makespan time = 39) to the example problem. 


bounding process will be described in terms 
of Gantt charts. The solution tree generated 
by the branch and bound method is shown in 
Fig. 3, this is built up progressively in a 
number of distinct stages in a manner about 
to be described. 


Application to the example problem 


Because the problem is a flow shop the order 
of processing for all jobs is the same, namely 
machine 1 first and machine 2 second, there 
will never be a delay between jobs being pro- 
cessed on the first machine. Any delays that 
may occur will arise on the second, machine 
only and as a direct consequence of the par- 
ticular job sequence selected. 

Branchings from root node all to first level 
nodes A, B, C and D. The earliest time that 
the first job on machine 2 can be started is 
immediately it has been completed on machine 
1. The shortest possible time necessary for pro- 
cessing all the jobs on machine 2 will arise if 
there are no delays, and will, therefore, be 
simply the sum of the processing times (note 
that this requires no specification of the pro- 
cessing sequence for the jobs). 

A lower bound can therefore be established 
by adding the processing time of the first job 
on the first machine to the sum of the process- 
ing times of all the jobs on the second machine. 
Figure 4 illustrates the four lower bound values 
that result for the alternative choices of the first 
job to start the sequence. The results are trans- 
ferred to Fig. 3 where the first level nodes A, 
B, C and D and the associated lower bound 
values 43, 40, 37 and 45 are entered. 


Branchings from first level node C to second 
level nodes A, B and D. The next branching 
of the tree is chosen to take place from node 
C because it has the least lower bound value 
of any of the nodes so far generated. This may 


(i) IF JOB A IS FIRST IN SEQUENCE, LB(A)= 43 


SUM OF PROCESSING TIMES FOR JOBS AB.C,D 
IGNORING SEQUENCE 





m/cit_ A 





mice 











TIMESCALE 


(ii) IF JOB BIS FIRST IN SEQUENCE, LB(B)=40 


SUM OF PROCESSING TIMES FOR JOBS A,B.C,D 


mict | IGNORING SEQUENCE 








mice 











TIMESCALE 


(iii) IF JOB C IS FIRST IN SEQUENCE, LB(C) = 37 


SUM OF PROCESSING TIMES FOR JOBS 4,B,.C.0 
IGNORING SEQUENCE 





m|c1 








TIMESCALE 


(iv) IF JOB DO IS FIRST IN SEQUENCE, LB(D)= 45 


SUM OF PROCESSING TIMES FOR JOBS AB,C,D 


mic1] IGNORING SEQUENCE 





mice 





| 
12 





TIME SCALE 


Fic. 4. Lower Bound LB (?) when first job in sequence is 


to be assigned. 
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(1) IF JOB A IS SECOND IN SEQUENCE, LB(C,A)= 38 


SUM OF PROCESSING TIMES FOR JOBS AB,0 
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(i1) IF JOB B IS SECOND IN SEQUENCE, LB (C,B) = 37 


SUM OF PROCESSING TIMES FOR JOBS A,B,0 
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(iti) IF JOB D IS SECOND IN SEQUENCE, LB (C,0)=40 


SUM OF PROCESSING TIMES FOR JOBS A,B,0 


mic1 Bead sd IGNORING SEQUENCE 


Mi Wik 








bas j 
13 16 40 
TIMESCALE 
Fic. 5. Lower Bound LB (C. ?) when job C is first in 
sequence and second job is to be assigned. 





0 4 


not always necessarily be the best tree search 
strategy but will be the one adopted for illus- 
trative purposes in this example. At this stage, 
therefore, the possibility of a complete schedule 


with makespan time of 37 (the lower bound 
value at node C) cannot be ruled out. 

If job C is the first in the sequence, then 
the earliest start time for the remaining jobs 
on the second machine will be determined by 
the maximum of the earliest completion time 
of job C on machine 2 (i.e. the sum of the 
job C processing times on the two machines) 
and the earliest completion times for the 
second job in sequence on machine 1 (which 
is the sum of the processing times for this job 
and job C on machine 1). 

A lower bound on the makespan time can 
be established by adding to the just computed 
earliest start time for the remaining jobs on 
machine 2, ie. all jobs except job C already 
allocated), the sum of the processing times of 
these jobs on machine 2. 

The lower bound values that result from the 
alternative partial sequences which all begin 
with job C but have respectively A, B or D 
as the second job in sequence, are illustrated 
in Fig. 5. These lower bound values are entered 
in Fig. 3 along with the associated second level 
nodes A, B and D which are reached by 
branches from node C. 
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Branchings from second level node B to third 
level nodes A and D. Level 2 node B is chosen 
for the next branching of the tree because it 
has the lowest lower bound value of all the 
pendant nodes (these are defined as the nodes 
at the ends of tree branches). The situation 
represented by the second level node B is a 
specified partial sequence designated by the 
branch all, C, B whereby jobs C and B are 
respectively processed first and second. 

The earliest start time for the remaining jobs 
A, D on the second machine will be determined 
by the maximum of the earliest completion 
time of job B on machine 2 and the earliest 
completion time of the third job in sequence 
on machine | (i.e. the sum of the processing 
times of the first three jobs in sequence on 
machine 1). 

A lower bound on the makespan time is 
determined by adding the earliest start time on 
machine 2 for the remaining jobs A, D and 
the sum of the processing times of these jobs 
on machine 2. 

The resulting lower bounds on the makespan 
time for the two cases of A or D as the third 
job in sequence are illustrated in Fig. 6. The 
third level nodes A and D are now entered 
together with their associated lower bounds 37 
and 39 in the tree of Fig. 3. 

Branching from third level node A to fourth 
level node D. Branching from the lowest lower 
bound node means a single branch from node 
A to node D, since only job D is now left for 
assigning .to the previous partial sequence. 
Thus, assigning job D to the last position in 
the sequence produces a complete schedule as 
illustrated in Fig. 7, with a makespan time of 


(i) IF JOB AIS THIRD IN SEQUENCE, LB(C.B,A)*= 37 


SUM OF PROCESSING TIMES FOR JOBS A.D 
mict FEZZ7ZE7A__ A) ‘CNORING SEQUEN 


Li L 
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(ii) IF JOB DO IS THIRO IN SEQUENCE, LB(C,B8,0) =39 


SUM OF PROCESSING TIMES FOR 
JOBS A, IGNORING SEQUENCE 





re Lt 
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Fic. 6. Lower Bound LB (C, B. ?) when job C is first and 
B is second in sequence and third job is to be assigned. 
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Fic. 7. Complete schedule for sequence C, B, A, D with 
makespan time 44. 


44. This is larger than all bar one of the pen- 
dant node lower bound values, so that it is 
possible that another sequence with a lower 
makespan time exists. 

Branching from second level node A to third 
level nodes B and D. Branching from the node 
with the lowest lower bound means branching 
from second level node A with lower bound 
value 38. At this stage the tree indicates a par- 
tial sequence of job C first and job A second. 
The earliest start time for the remaining jobs 
B, D on the second machine is specified by 
the maximum of the earliest completion time 
of job A on machine 2 and the earliest comple- 
tion time of the third job on machine 1. 

This is illustrated in Fig. 8, where it will be 
seen that adding the sum of the machine 2 pro- 
cessing times of the remaining jobs B, D to 
the earliest start time on the same machine, 
provides lower bounds on the makespan time 
for the two cases where the third job in 
sequence is B or D. These lower bounds are 
respectively 40 and 46, and are entered in the 
tree of Fig. 3 alongside the third level nodes 
B and D, the ends of the branchings from 
second level node A. 

Branching from third level nodel D to fourth 
level node A. The lowest lower bound value 
is now 39 and is associated with the pendant 


(1) IF JOB B IS THIRD IN SEQUENCE, LB(C,A,B) = 40 


SUM OF PROCESSING TIMES FOR 
JOBS B,D IGNORING SEQUENCE 
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(11) IF JOB D IS THIRD IN SEQUENCE, LB(C,A.D) = 46 


SUM OF PROCESSING TIMES FOR 
JOBS B,D IGNORING SEQUENCE 
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Fic. 8. Lower bound LB (C, A, ?) when job C is first and 
A is second in sequence and third job is to be assigned. 





node D at level 3 in the tree shown in Fig. 3. 
There is only one branch possible and that is 
from D to the level 4 node A, which corre- 
sponds to the adding of the final job A to com- 
plete the sequence C, B, D, A. This schedule has 
already been illustrated in Fig. 1 and has a 
makespan time of 39. 

Testing for optimality. Reference to Fig. 3 
shows that sequence C,B,D,A has a lower 
makespan time than the other complete 
sequence C, B, A, D which has a value 44. The 
makespan time of 39 for C,B,D,A is also 
lower than any of the lower bound values for 
the other pendant nodes developed in Fig. 3. 
It is, therefore, impossible for any other com- 
plete schedule to be generated by branchings 
from these pendant ncdes that would have a 
lower makespan time value. This is clearly so, 
since the lower bound value may increase but 
never decrease in a branching from one node 
level to the next lower level. Thus, the sequence 
C, B, D, A must be the optimal solution. 

This simple illustration shows how a branch 
and bound algorithm may be devised which 
enables an optimal solution to be determined 
by a process of selective partial enumeration 
of the tree of alternative solutions. The algor- 
ithm used is not intended as a rival to John- 
son’s algorithm but has been developed here 
as a vehicle for explaining the basic ideas 
behind the branch and bound method. 


COMPUTATIONAL COMPLEXITY 


The nature of problem complexity 

The early 1930's theoretical work by the Bri- 
tish mathematician AM Turing [15] on the 
properties of algorithms has recently been used 
and extended, in an attempt to obtain a funda- 
mental understanding of the complexity of 
mathematical problems. An important dis- 
covery by Turing was that all imaginable prob- 
lems of mathematics could be divided into two 
mutually exclusive categories: (i) those for 
which it can be shown that no algorithm can 
be written, which are therefore in a formal 
sense provably unsolvable, and (ii) those which 
can be solved by algorithms. 

We are concerned here with problems in the 
second category and the following discussion 
is applicable only to this group. 

Modern computational complexity theory as 
developed by Cook [4] and Karp [7], desig- 
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nates that all problems‘ that can be solved by 
enumerative exponential time algorithms, are 
members of a class NP. Problems with known 
polynomial time algorithms are said to be 
members of a class P. It is clear that P is a 
subset of NP since some problems, such as for 
example the two machine flowshop that was 
considered earlier, have both polynomial and 
exponential time algorithms. Where both types 
of algorithm exist, obviously the efficient poly- 
nomial time one would be selected. 

It cannot be ruled out that polynomial time 
algorithms may exist for problems in NP (and 
not already included in P). All that can be said 
is that in spite of much searching, if they exist, 
they have not as yet been found. Indeed, it is 
possible that polynomial time algorithms may 
exist for all problems in NP, which would 
mean that NP and P are identical; mathemati- 
cians are now generally agreed however, that 
this is extremely unlikely as all the indications 
are against it. 

Cook [4] has shown that it is possible to 
formally identify certain combinatorial prob- 
lems within the class NP which he terms NP- 
complete. These problems have been shown to 
have the remarkable property of reducibility, 
which essentially means that if a polynomial 
time algorithm could be found for any one of 
them, then polynomial time algorithms could 
be constructed from it for solving all the other 
problems in the class NP-complete. 

NP-complete problems constitute a large 
class of notoriously difficult combinatorial 
problems for which no efficient polynomial 
time algorithms are available. The significance 
of formal identification of a problem as being 
NP-complete is that it represents an accept- 
ance that enumerative methods such as branch 
and bound should be used since it is extremely 
unlikely that any better optimisation method 
will ever be found to exist. 


Excluding certain specific situations mvolv- 
ing one and two machines, some of which were 





' The classes P (polynomial) and NP (non-deterministic 
polynomial) are drawn from the field of language recogni- 
tion and constitute problems that are respectively solvable 
by deterministic and non-deterministic Turing machines. 
A Turing machine is simply a form of hypothetical com- 
puter which Turing used as a mechanism for studying 
various forms of mathematical problems. Turing never 
actually constructed such machines, they were and still are 
mathematical devices useful to the study of mathematical 
complexity. 
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mentioned earlier, both the flow scheduling 
and the more general job-shop scheduling 
problems have been shown to be NP-com- 
plete. Indeed, Lawler [8] has shown that even 
the one machine problem becomes NP-com- 
plete, if the problem is specified as that of 
determining the minimum mean flow time 
schedule, when subject to arbitrary precedence 
constraints. The scheduling problem in which 
the job set up times depend upon the job 
sequence used, is also NP-complete. This is in 
fact the production equivalent of the famous 
‘travelling salesman’ problem, which is to 
determine the minimum distance tour of a 
number of cities for a salesman who is required 
to visit each city once only. 

Branch and bound algorithms for the three 
or more machines flow shop scheduling prob- 
lem and the job shop scheduling problem, have 
been developed by Lomnicki [11], Brown and 
Lomnicki [3], McMahon and Burton [12], 
Bestwick [1], Brooks and White [2] and many 
other authors. A branch and bound algorithm 
has also been developed for the travelling sales- 
man (sequence dependent set up time) problem 
by Little et al. [10]. 

The efficiency of a branch and bound algor- 
ithm depends on how restricting are the 
bounds that are used. Generally speaking, the 
tighter the bounds, the more efficient the algor- 
ithm because less of the tree needs to be 
searched. Offset against this may be a loss of 
efficiency because the tighter bounds are more 
complicated and require more time to com- 
pute. 


The limitation of branch and bound methods 

Branch and bound methods are, as has been 
demonstrated, very much more efficient than 
complete enumeration. Nevertheless, no matter 
how well they are constructed, they also are 
exponential time algorithms and although they 
allow us to obtain optimal solutions, there is 
necessarily a finite limit to the size of problem 
that can be solved. This is not a rigid con- 
straint since it will depend upon the amount 
of computer time that the user is willing to 
devote to the problem. 

It is clear that sooner or later a problem 
size is encountered, for which it must be con- 
cluded that the computer time required is 
excessive. Such is the power of the exponential 
time requirement, that point is reached sooner 
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rather than later. Branch and bound methods 
extend the size of optimising problems that can 
be solved, they are the best methods that we 
have for NP-complete problems but as has 
been demonstrated, their usefulness is also 
limited. Lewis and Papadimitriou [9], in an 
interesting review of the efficiency of algor- 
ithms, make the point that although for prob- 
lems of small size the polynomial time function 
may be greater than the exponential time func- 
tion, there will always be a size of problem 
at which the exponential function will overtake 
the polynomial, whatever its form. What is 
apparent is that the only type of algorithm that 
is really useful for all problems, including those 
of large size, is that which gives rise to poly- 
nomial execution time, in other words an effi- 
cient algorithm. 

The conclusion must be drawn that there 
seems little point in expending further effort 
in seeking optimal solutions to the very large 
scheduling problems of the kind frequently 
encountered in many practical situations, they 
are certain, for at least the forseeable future, 
to be beyond the available computational 
capabilities. For such problems it would 
appear that we must concentrate on construct- 
ing heuristic polynomial time algorithms that 
seek approximate solutions that are satisfac- 
tory, even though they may not be optimal. 
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Two models of opinion revision. a Bayesian model and a proportional change model, are compared 
on their abilities to describe subjects’ revisions of purchase intentions upon the receipt of consumer 
information. Both models were found to predict the revisions reasonably well. but the proportional 


change model performed significantly better. 


INTRODUCTION 


VaRIOUS models of probability revision for 
inference judgments have been considered in 
recent literature (for a comprehensive review, 
see [20]). These models tend to originate either 
from Bayesian or information-processing con- 
siderations. The Bayesian approach uses Bayes’ 
theorem to describe the normative or optimal 
combination of sample information with prior 
Opinions to form a revised opinion. In com- 
parison, information processing models are 
purely descriptive and range from simple addi- 
tive models, including regression models, to 
more complex weighted averaging models. 
Generally, the two types of models have 
been used with different purposes in mind. The 
usual purpose in Bayesian studies has been to 
compare subject’s probability revisions with 
optimal standards derived from Bayes’ 
theorem. Much of the Bayesian literature has 
been concerned with the causes of ‘conserva- 
tism’, i.e. the failure of subjects to extract the 
full diagnosticity from sample information. In 
contrast, the usual purpose behind information 
processing studies has been to describe the 
psychological processes involved in inference 
judgment. This has led to analyses of the com- 


bination rules used by subjects to arrive at a 
judgment. 

It has frequently been suggested that prob- 
ability revision models might be useful in 
studying consumer information acquisition and 
information processing [10,13]. Almost with- 
out exception, however, marketing studies dis- 
cussing the revision of inferences have peen 
based on a normative approach [4, 8,9, 12]. 
with most of these studies making use of 
abstract tasks. For instance, Green [9] used 
three urns of pokerchips to investigate ‘brand 
switching’. Generalizing from such contrived 
situations to consumer information processing 
seems questionable at best. 

Similarly, most information processing 
research dealing with probability revision has 
also been based on the ‘bookbags-and-poker- 
chips’ task. This task, popularized in early 
Bayesian research, calls for an inference about 
which of two bags of pokerchips produced a 
particular sample of chips. Unfortunately there 
has been little effort to generalize any of the 
previous information-processing results to a 
consumer setting. 

The purpose of this study was to compare 
Bayesian and information processing models of 
consumer decision making. Most previous 
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research has used scenarios which allow com- 
parison of the subject’s judgments with an opti- 
mal standard. In most real-world tasks, how- 
ever, theoretical standards are not available. In 
this study, the Bayesian and information- 
processing models will be compared on their 
ability to describe consumers’ revisions of 
purchase intentions. 


MODIFIED BAYESIAN MODEL 


Bayes’ theorem dictates that optimal manner 
in which prior information and sample infor- 
mation should be combined to provide the 
posterior estimates of the relative uncertainties. 
Let P(H;) represent the probability that Hy- 
pothesis i (for example, that store i has the best 
buy for the respondent) is true prior to the 
presentation of sample information. Let 
P(H;\D) represent the posterior probability fol- 
lowing the information, and P(D|H;) represent 
the conditional probability of the sample infor- 
mation given that the hypothesis is true. Then 
the normative probabilities are specified by 
Bayes’ theorem: 


_P(H;) P(D| Hi) 


P(H;|D) = 
¥. P(H)) P(D\H)) 
j=1 

While the normative properties of the Bayes- 
ian model are beyond dispute, the descriptive 
properties have been questioned [17-21]. 
Other writers, however, have suggested that the 
Bayesian model may still be of some usefulness 
as a descriptive model of human decision mak- 
ing [14, 16]. 

In the present study, the Bayesian model was 
modified so that surrogate measures were used 
instead of conditional probabilities. Two types 
of surrogate measures described below were 
used in equation | to try to predict the pos- 
terior probabilities. 


Surrogate likelihood measures 

In the abstract pokerchips paradigm, it is 
possible to ask subjects to give the conditional 
probabilities (or likelihoods) of observing a 
sample given the various bookbags. For in- 
stance, subjects can be asked “What is the 
probability that you would see a sample of four 
red and three white pokerchips if a bookbag 
with 70 red and 30 white chips is sampled?” 
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In contrast, the comparable question in a con- 
sumer setting is more difficult, e.g. “What is 
the probability that you would see information 
such as this given that Store A has the best 
buy?” Questions similar to the latter were 
asked of pilot subjects. However, their re- 
sponses and subsequent comments revealed 
that they were not able to understand the ques- 
tion satisfactorily. In fact, it was necessary in 
an earlier study [6] to make the consumer- 
oriented task almost as abstract as the book- 
bags and pokerchip paradigm in order to 
assess likelihoods in a consumer setting. 

Instead of conditional probabilities, it was 
decided to ask subjects to supply ‘surrogate’ 
measures of probability. Two surrogate 
measures were used: an attitude surrogate and 
an agreement surrogate. 

The attitude surrogate asked the respondent 
to rate the impression that he received of the 
alternatives under consideration based on the 
sample information. Assuming that two sub- 
jects had equal prior probabilities of purchas- 
ing at Store A, a subject who said that the 
sample information gave him a favorable im- 
pression of Store A was expected to assess a 
higher current (posterior) probability of pur- 
chasing there than would a subject who said 
that the sample information gave him an un- 
favorable impression of the store. This fits in- 
tuitively with what Bayes’ Theorem would dic- 
tate since large likelihoods would presumably 
lead to more favorable impressions. Opera- 
tionally, the subjects were asked to rate their 
attitude toward each store on the basis of the 
sample information alone. This rating was 
obtained on a nine-point scale ranging from 
extremely unfavorable to extremely favorable. 

The agreement surrogate asked the respon- 
dent to assume that each alternative was true 
and then to rate the agreement between that 
assumption and their impression of the sample 
information. Intuitively, a large likelihood 
would mean that there is a strong agreement 
between what the information says and the 
truth of the hypothesis under consideration, 
and a small likelihood indicates weak agree- 
ment. Operationally, subjects were asked to 
assume that a particular store had the best buy 
for them, and then to assess the amount of 
agreement between this assumption and the 
sample information. These assessments were 
obtained on nine-point scales ranging from ex- 
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tremely strong disagreement 
strong agreement. 

The validity of these surrogates was investi- 
gated in situations in which the assessment of 
the likelihoods themselves was practical [5]. 
Results showed a significant relationship 
between the surrogate likelihoods and the 
assessed likelihoods in a consumer-oriented 
task. 


to extremely 


PROPORTIONAL CHANGE MODEL 


The particular information processing model 
examined in this study is the proportional 
change model described by Anderson []1, 2]. 
According to this model, the current attitude 
or opinion is a weighted average of the prior 
opinion and the sample information. This 
model can be stated as 


R, = (1 — w)Ro + (w)s. (2) 


where Ry is the prior opinion, R, is the pos- 
terior opinion, s is the evaluation of the stimu- 
lus from the sample information, and (1 — w) 
and (w) represent the relative weightings of the 
two information sources. 

While the proportional change model was 
originally applied by Anderson to attitude 
change, it was extended to sequential inference 
judgments by Shanteau [22-24, 26]. An impor- 
tant prediction of this model is that sample 
information and prior opinions should com- 
bine by averaging. This prediction is in con- 
trast to the multiplying combination rule pre- 
dicted by the Bayesian model. The averaging 
prediction has been supported in the bookbag 
paradigm [19] and in a numerical inference 
task [11]. Other predictions of this model, such 
as additivity and order effects, have also 
received some support [18, 22]. 

In the present study, the attitude surrogate 
measure was used to provide estimates of the 
sample information value. In addition, subjects 
were also asked to estimate the relative weight- 
ing of prior opinions and sample information. 
These values were used in equation 2 to try 
to predict the posterior opinions. This means 
that a direct comparison is possible between 
equations | and 2 on their abilities to predict 
the subjects’ responses. 


METHOD 


Subjects and stimuli 

Sixty-five paid female undergraduates at In- 
diana University participated in the study. The 
task selected involved shoe purchase in Bloom- 
ington, Indiana. Shoes represent a fairly high 
involvement product category for females, and 
all subjects indicated that they planned to pur- 
chase shoes in Bloomington in the next three 
months. 

The subjects were first asked to consider the 
type of shoes that they would be purchasing 
next. Then they were handed a deck of cards 
containing the names, addresses, and pictures 
of nearly all the stores in Bloomington which 
sell shoes. From this list they were asked to 
choose the stores at which they would most 
likely consider shopping. If there was a store 
in which they were interested, but which was 
not listed, they could also include that store 
in their set. 


Procedure and instructions 


The subjects were asked to (1) make prior 
probability and attitude assessments, (2) receive 
information about the shoe stores, (3) assess 
posterior probabilities and attitudes, (4) assess 
the surrogate likelihoods, and (5) determine the 
weight of the sample information compared to 
their prior information. They were then shown 
a second source of information and steps (3). 
(4), and (5) were repeated. The specific steps 
mentioned above will now be discussed in 
greater detail. 

The subjects were asked to assess the prob- 
ability that each store in the set (the alternate 
‘all others’ was added to insure that the alter- 
natives were exhaustive) had the best buy for 
them [P(H;)]. They responded by using a ‘line 
segment’ approach, which required them to 
circle line segments according to how likely it 
was that they would find their best buys at a 
given store. Pilot studies indicated this technique 
was much simpler for the subjects to use than 
direct probability assessments. 

After circling the line segments, they handed 
the sheet to the experimenter, who quickly nor- 
malized and wrote down the corresponding 
probabilities and then handed the sheet back 
to the subjects. They were told that, if these 
probabilities did not accurately represent their 
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feelings, they were free to change the probabili- 
ties either by going through the line segment 
approach again or by changing the numerical 
probabilities directly (as long as they still 
summed to one). Next they were asked to give 
their prior attitudes (Ro) toward the stores that 
had been chosen, using nine-point scales 
ranging from “Extremely Unfavorable” to 
“Extremely Favorable”. 

They were then shown two sources of con- 
sumer information consisting of shoe advertise- 
ments from Bloomington newspapers and a 
purported publication of a local consumer 
action group on the Bloomington shoe market. 
The order in which the subjects saw the infor- 
mation was counterbalanced over sessions.' 
These sources contained accurate product line 
and price information on almost all retail out- 
lets carrying women’s shoes in Bloomington. 
The information sources were designed to be 
as diagnostic as possible so that the opinion 
change taking place in the laboratory would 
be meaningful. However, there was no induce- 
ment for the subjects to change their opinions 
and four out of the 65 subjects did not choose 
to revise their opinions on one or both of the 
iterations. Having seen the first source of con- 
sumer information, they were asked to assess 
the posterior probability that each alternative 
store had the best buy for them [P(H;|D)], as 
well as their posterior attitudes (R,) toward the 
stores. 

Finally, they were asked to give measures 
of the impact of the information using the atti- 
tude and agreement likelihood surrogate 





' Pretesting had indicated that both information sources 
would stimulate posterior opinions that were different from 
the prior ones. Analysis of the impact of the sources in 
the current study found that the first source shown the 
subjects (regardless of its content—advertisements or 
objective survey) resulted in more revision as measured 
by the mean absolute deviation from prior to posterior 
assessment. However, the amount of revision following the 
second source was not significantly smaller than the earlier 
revision. 

“The posterior attitude measures were normalized for 
each subject so that differential response-scale tendencies 
could be removed before the measures were aggregated 
over subjects. Next the assessed posterior measures were 
correlated with the posterior measures derived from the 
models. It should be pointed out that the different sets 
of data are not completely independent since the impact 
of each subject on the overall correlation results is a func- 
tion of the number of stores selected by her. 

>“Both” means that the prior measurements of the first 
revision were correlated with the posterior measures of the 
second revision. 
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measures. These values were used as estimates 
of the subjects’ likelihoods in the Bayesian 
model [P(D|H;)]; the attitude surrogate also 
served as information value in the proportional 
change model (s). The subjects were also asked 
to weigh the importance of the most recent in- 
formation (w), as compared to their prior 
knowledge, in the determination of their final 
opinions of the stores. The entire procedure 
was repeated after a second source of informa- 
tion was shown to the subjects. 


RESULTS 


The mean number of stores listed by the sub- 
jects was 4.38 stores, with a median of 4 stores. 
Some of the subjects chose as few as 3 stores 
while one selected 10. In total, the 65 subjects 
made 350 revisions after being shown the first 
sample information and 350 more after seeing 
the second information. For each subject, the 
predictions of the two models were calculated 
using equations (1) and (2). 


Correlational analyses 


The correlations” between the assessed pos- 
terior measures and the models’ predictions 
were as follows: first revision—0.74 for the 
modified Bayesian model using the attitude 
surrogate, 0.74 for the modified Bayesian 
model using the agreement surrogate, and 0.79 
for the proportional change model; second 
revision—0.81 for the modified Bayesian model 
using the attitude surrogate, 0.82 for the modi- 
fied Bayesian model using the agreement surro- 
gate, and 0.83 for the proportional change 
model. Thus the results indicate that the pro- 
portional change model was somewhat better 
than the modified Bayesian models. Using the 
Fisher r to z transformation, however, no sig- 
nificant differences were found between the 
correlations for the models. 

The correlations between the models’ predic- 
tions and the posterior opinions were cofn- 
pared with the correlations between the prior 
and posterior measures (first revision, 0.57 for 
the attitudes and 0.60 for the probabilities; 
second revision, 0.65 for the attitudes and 0.74 
for the probabilities; both revisions,> 0.39 for 
the attitudes and 0.51 for the probabilities). In 
each case, the correlations between the models’ 
predictions and the assessed opinions were sig- 
nificantly higher than the correlations between 
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TABLE 1. MEAN RATIOS OF THE PREDICTED POSTERIORS TO THE ASSESSED POSTERIORS 





Modified Bayesian Model 
Agreement surrogate 


Iteration Attitude surrogate 


Proportional 
change model 





First 1.05 
(SD = 0.17) 
0.96 


(SD = 0.05) 


Second 


(SD = 0.14) 


(SD = 0.08) 


1.07 0.98 
(SD = 0.08) 
1.01 


(SD = 0.09) 


0.99 





the prior and posterior measures. This finding 
indicates that marked revisions were taking 
place and that the models were able to account 
for the revisions quite well. 


Analyses of model discrepancies 


A shortcoming of comparing predicted and 
observed responses through correlations is that 
this analysis is not always sensitive to devi- 
ations from a model [3]. Further analyses of 
the data concentrated on the deviations of the 
predicted posteriors from the assessed pos- 
teriors, i.e. the discrepancies from the models. 
In order to look at the discrepancies on a com- 
parable scale, the models’ predictions were 
divided by the corresponding observed re- 
sponses.* The mean predicted-assessed ratio 
was determined for each subject for each 
model, and then the mean ratios were aggre- 
gated over all subjects. If the models’ predic- 
tions were consistent with the subjects’ esti- 
mates, then we would expect a mean ratio of 
1.0. The results are shown in Table 1. 

When the mean ratios were compared to a 
value of 1.0, the predictions from the modified 
Bayesian model using the attitude surrogate 
were significantly different from the subjects’ 
estimates (p < 0.025 in the first revision and 
p < 0.01 in the second). The predictions of the 
Bayesian model using the agreement surrogate 
were significantly different from the subjects’ 
estimates for the first revision (p < 0.001) only; 
there were no significant differences ‘between 
the model’s predictions and the subjects’ esti- 
mates in the second revision (p > 0.25). The 
differences for the proportioned change model 





*The models’ discrepancies were also investigated using 
such measures as the percentage error in the predictions 
and the ratio of the mean absolute deviation between the 
models’ predictions and assessed posterior measures to the 
mean absolute deviation between the assessed prior and 
posterior measures. The relative performances of the differ- 
ent models were similar in all forms of analysis. 


were nonsignificant for both the first (p > 0.05) 
and second revision (p > 0.25). 


Comparison between models 

The final analysis involved a direct compari- 
son between the models, again using the ratios 
of the predicted posterior measures to the sub- 
jects’ assessed posterior measures. The absolute 
deviation of the ratios from 1.0 was computed 
for each estimation, aggregated over the stores 
for each subject, and then the mean deviations 
were averaged across subjects. The three 
models were compared in a pairwise fashion 
for both the first and second revisions with the 
results shown in Table 2. 

The proportional change model was found 
to predict significantly better (p < 0.001) than 
either of the modified Bayesian models. The 
modified Bayesian model with the attitude sur- 
rogate was found to predict significantly better 
(p < 0.001) than the modified Bayesian model 
with the agreement surrogate. Thus, all three 
sets of analyses were consistent in finding a 
slight superiority of the proportional change 
model. Further, the modified Bayesian model 
with the attitude surrogate appeared slightly 
superior to the model with the agreement sur- 
rogate. 


DISCUSSION 


There are two major implications of this 
study that deserve elaboration. The first con- 
cerns the comparison between Bayesian and in- 
formation-processing models. The second con- 
cerns the larger issue of probability revision 
in consumer and marketing research: 


Comparison between models 


As noted by Rappoport and Wallsten [15]. 
the question in comparing decision-making 
models should not be: which model is right 
or wrong? Instead, the question should be: in 
what situation(s) is each model appropriate? 
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TABLE 2. COMPARISONS OF THE MODELS USING PAIRED OBSERVATIONS OF THE ABSOLUTE DEVIATIONS OF THE PREDICTED- 
ASSESSED RATIOS FROM 1.0 





Models compared 
Revision 


(superior model listed first in each case) 


Standard deviation 
of difference 


Difference in 
mean deviations 





First Proportional change 


Modified Bayesian (attitude surrogate) 


First Proportional change 


Modified Bayesian (agreement surrogate) 
Modified Bayesian (attitude surrogate) 
Modified Bayesian (agreement surrogate) 


First 


Second Proportional change 


Modified Bayesian (attitude surrogate) 


Second Proportional change 


0.18 


0.19 


0.19 


0.09 


Modified Bayesian (agreement surrogate) 


Second 


Modified Bayesian (attitude surrogate) 


Modified Bayesian (agreement surrogate) 





*n < 0.001 


Therefore, the properties of a situation should 
serve as a guide in selecting the most appro- 
priate model. 

The results from this study support the 
suggestion that both the Bayesian model and 
the proportional change model may be applic- 
able in certain situations. The proportional 
change model appears to provide a generally 
useful approach to the study of consumer 
opinion change. The model consistently per- 
formed better than did either of the modified 
Bayesian models. Thus, we recommend that 
those interested in consumer opinion change 
might well explore the proportional change 
model further. 

The modified Bayesian models did an ade- 
quate job of describing consumers’ revision of 
probabilities, though inferior to the propor- 
tional change model. It is not surprising that 
a normative model would describe subjects’ 
performances less well than a descriptive 
model. However, the Bayesian approach is suf- 
ficiently versatile to handle several different 
data generating functions and the influence 
revisions associated with them. While this 
study does not strongly support the use of the 
Bayesian model in a descriptive manner, the 
results certainly do not preclude this. Also, the 
Bayesian approach appears to be more flexible 
in regard to surrogate measures than has been 
previously considered. 

If relevant consumer tasks can be con- 
structed such that subjects can provide valid 
estimates of the necessary prior, posterior, and 
likelihood probabilities, then it may be possible 
to delineate ‘good’ consumer decisions from 


‘poor’ ones. Consumer advocates frequently 
imply that ‘good’ decisions can be defined for 
consumers as a group. However, it seems more 
reasonable to talk about a ‘good’ decision for 
an individual consumer, given his/her utility 
function and situational constraints. Further 
work on the normative Bayesian approach 
may provide the flexibility needed to provide 
operational definitions of such ‘good’ consumer 
decisions. 


Probability revision and 


change 


consumer opinion 


The use of probabilistic purchase intentions 
has been hampered by the difficulty in obtain- 


ing valid probability assessments. The 
measurement problem increases when we try 
to investigate the impact of marketing stimuli 
on those purchase intentions. Research on 
probability revision should eventually result in 
an improved understanding of consumer 
opinion change. However, much of the prob- 
ability revision research to date has dealt with 
abstract scenarios such as the bookbag and 
pokerchip paradigm. This research offers little 
to those interested in marketing applications. 

The development of consumer relevant tasks, 
as pointed out here and elsewhere [6], is not 
without complications. The use of surrogate 
measures, for instance, needs to be examined 
in greater detail. In order to make the con- 
sumer task realistic in most purchase situ- 
ations, the subject will have to be confronted 
with multiple alternatives instead of the two- 
alternative task common to much of the prob- . 
ability revision research. This introduces added 
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problems in probability measurement since the 
task becomes more difficult for the subject. 
Also problems in model testing may arise 
because the discrete probability distributions 
are linearly dependent. Fortunately, the present 
results revealed that various approaches to 
testing were generally consistent. 

One further concern about the study of 
opinion change in the laboratory is that the 
change may be artificially induced and hence 
inherently unstable. However, a follow-up [7] 
to this study found that the posterior measures 
predicted actual purchase behavior better than 
did the prior measures. 
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A programmatic approach to solving decision problems by the use of ‘better than most’ (BTM) 
solutions is introduced. The BTM approach is contrasted to approaches that seek a solution whose 
outcome would be the best of all outcomes for feasible solutions, again according to criteria 
taken to represent the decision maker's objectives. This BTM approach is illustrated in terms 
of a decision problem in binary decision variables. This is followed by a discussion of (1) some 
of the probabilistic aspects of BTM solutions, including calculational experience. (2) a central 
BTM problem, akin to the problem of finding optimal methods in the more traditional approaches, 
(3) some ad hoc methods for overcoming this and other problems associated with the BTM 
approach, and (4) similarities and differences between the BTM approach and other approaches, 


1. INTRODUCTION 


ALMOST every normative method advocated 
for use in OR/MS problems seeks a ‘best’ solu- 
tion, a solution whose outcome could be 
ranked over the outcomes of all other feasible 
solutions. Typically these methods successively 
examine candidate solutions and use the infor- 
mation obtained to generate new candidates. 
Thus, optimizing methods seek a ‘best’ solution 
by converging to the maximal (or minimal) 
value of a scalar function taken to represent 
the decision maker’s goals. Within the last 
decade, proponents of multigoal approaches 
have called into question the desirability of 
representing all the decision maker’s goal with 
a single function. In the multigoal approach, 
a vector function whose components represent 
the several goals of the decision maker is used, 
usually with the aid of dominance criteria. 
However, methods based on this approach are 
still directed towards searching for a ‘best’ 
solution as defined above. Even when it is 
recognized that a given normative approach 
will have to halt the search short of a ‘best’ 
solution (for example as a result of computer 
expense), the methods attempt to approximate 


a ‘best’ solution by using an optimal search 
routine that would achieve that solution given 
enough time. 

It seems fair to say that the necessity of con- 
verging to a ‘best’ solution is taken to be sine 
qua non in the normative methods of OR/MS. 
Indeed to many, the inclusion of the word 
‘best’ in. the last sentence will appear to be 
either a tautology or redundancy. Such people 
will ask “If one does not search for the best, 
then for what does one search?” However, we 
take the position that in some instances, the 
price for avoiding the question of when a ‘non- 
best’ solution is good enough is 
most cases a ‘best’ solution for 
formulation requires that the problem be 
mathematically tractable. This is another way 
of saying that the problem must be formulated 
in such a way that convergence to a ‘best’ solu- 
tion is assured. Of necessity, (tractable) form 
becomes part of the problem, and the method 
becomes part of the solution. A ‘best’ solution 
to a problem formulated according to these 
procrustean requirements and subject to the 
imprecision accompanying communication on 
any complex question may be far from best 
in terms of the real problem. 


too high. In 
a normative 
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Using the above viewpoint as a basis, we 
examine here an approach that does not 
require a ‘best’ solution. This approach looks 
for a solution whose corresponding outcome 
is ‘good enough’ or, more descriptively, is 
better than most. The approach is designed to 
be applied when an appropriate ‘best’ solution 
approach is lacking. The essence of the new 
approach is that while the problem formula- 
tion will continue to include the decision 
maker’s goals and constraints, no attention will 
be given to formulating the problem in a way 
that will allow application of a search tech- 
nique designed to converge to a ‘best’ solution. 
Instead, solutions will be randomly generated, 
examined for feasibility, and ranked according 
to the mathematical representation of the 
decision maker’s goals. It will be seen that the 
outcome corresponding to a solution ranked 
highest of several hundred feasible solutions 
generated in this way is ‘good enough’ in the 
sense of being better than most. By this we 
mean that such a solution has a high prob- 


ability of being ranked over a large fraction — 


(e.g. 99%) of all possible feasible solutions, 
according to the mathematical representation 
of the decision maker’s criteria. 

We will illustrate this ‘better than most’ 
(BTM) approach with the aid of a problem in 
binary decision variables and discuss some of 
the probabilistic aspects of the BTM approach, 
including some relevant calculational experi- 
ence. Next we will describe what appears to 
be the central BTM problem, akin to the prob- 
lem of finding optimal methods in more con- 
ventional approaches, and suggest some ad hoc 
procedures for overcoming this and other 
problems associated with the BTM approach. 
We will conclude by discussing how the BTM 
approach relates to fuzzy concepts, simulation, 
and heuristic techniques. 


2. AN ILLUSTRATIVE EXAMPLE 


For purposes of illustration we have chosen 
a decision problem in binary variables. The 
problem may be visualized in terms of a situ- 
ation in which a decision maker wishes to 
select projects in a way that will make use of 
his limited resources. His criteria for selection 
of projects involve two disparate goals which 
are combined into a single utility function. The 
assumption that the goals can be combined 
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into a single function will be relaxed in sub- 
sequent discussion, so that the multigoal prob- 
lem: will be ultimately included in the discus- 
sion. To make a more explicit presentation and 
to relate the discussion to earlier work [1], we 
have chosen some previously considered prob- 
lems where the goal and constraint functions 
are linear, and where the utility function is a 
Cobb-Douglas type. It will be seen that we 
can generalize from this specific problem and 
that the most significant assumption in the 
above formulation is that the decision variables 
are binary. 

The mathematical form of the problem is as 
follows. We have a binary decision variable in- 
dicating rejection or acceptance of a specific 
project. 


(1) 
The two goal functions are given by 


m 
Gi S <o = > Y C1 5X; 
j=1 


O2= ) ¢2;x; (3) 
j=1 


where co and the c;; are positive numbers, since 
for mathematical convenience the goals will be 
required to be non-negative. In addition, selec- 
tion of one or more projects uses a limited 


supply of n different resources, available in 
amounts b;,, i.e. 


> ayxi Sb i=1,...,n. (4) 
j=1 

Finally, the decision maker’s utility function is 
given by 


U=g{giil 0<f <1. (5) 


We emphasize that the outcomes correspond- 
ing to the various feasible solutions are well 
ordered. In the present case, this means that 
the function U can be used to order any out- 
come corresponding to a decision vector 
X = (X4,..., Xm): 

When the utility function is known, this 
problem is really a single-goal problem which 
the conventional (optimizing) approach would 
formulate as a problem in optimization, i.e. to 
find a feasible decision vector X, that will make 
the outcome, measured by the utility function 
described by (2), (3) and (5), as large or larger 
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than that for any other feasible vector. The 
BTM approach also seeks a feasible decision 
vector. However, the BTM approach merely 
requires that the decision vector eventually 
selected have an outcome that would have a 
high probability of having a utility function 
value greater than that of most other feasible 
decision vectors. 

The next section will show that generation 
of a relatively few randomly selected feasible 
solutions will in fact produce a solution with 
the desired BTM characteristics. Furthermore, 
random generation of these feasible solutions 
is computationally simple when a sufficient 
fraction, say 1%, of the possible solutions are 
feasible, and when the decision variables are 
bounded. Consequently, the step from formula- 
tion to final solution with a BTM approach 
is a relatively simple one. 

By contrast, the corresponding step in an 
optimizing approach is a formidable one. One 
method, based on the Frank—Wolfe algorithm 
[6] and employing the computer program for 
Hillier’s ‘bound and scan’ concept [4] has been 
described [1]. However, the computer program 
is large, complex, and time consuming. Of 
course, other approaches (for example branch 


and bound) might be attempted; but success, 
in the form of a workable method developed 
in a relatively short time, is no longer guaran- 


teed. Furthermore, inclusion of even one 
non-linear constraint relation, or possibly even 
a more complex objective function, would 
make success significantly more difficult to 
achieve, and might make it virtually impos- 
sible. 

Our example can also be used to illustrate 
the use of the BTM approach in a multigoal 
problem. Assume, for example, that the de- 
cision maker’s utility function (5) is not directly 
available to the analyst and that the only infor- 
mation he can obtain is the decision maker’s 
reactions to a limited number of outcomes 
which are displayed to him. In this case the 
conventional formulation of the multigoal 
problem is to find a feasible decision vector, 
X, whose outcome, described by the goal func- 
tion in (2) and (3), would be as much or more 
preferred than the outcome for any other feas- 
ible decision vector. However, 


cision vector eventually selected have an out- 
come that would have a high probability of 
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the BIM. 
approach merely requires that the feasible de- ' 


being ranked over most outcomes correspond- 
ing to other feasible decision vectors. 

The next section will show that the gener- 
ation of a few hundred randomly selected, feas- 
ible solutions will enable the analyst to interact 
with the decision maker and identify the solu- 
tion whose outcome has the desired BTM 
characteristics. As in the case of a single goal, 
random generation of the relatively few feasible 
solutions is computationally simple. Thus the 
step from formulation to final solution in a 
BTM approach is also easy in the multigoal 
version of the single goal problem described 
earlier. 

In contrast, the corresponding step in an 
approach that seeks a ‘best’ solution is even 
more formidable in this multigoal problem 
than in the optimizing case described earlier. 
The motivation for this paper springs from the 
conviction that when an analyst looking for 
a best solution is faced with this kind of prob- 
lem, he will either avoid a programmatic 
approach entirely or formulate the problem so 
that a mathematically tractable method can be 
applied. In the latter case, the result is an opti- 
mal solution but only to a problem formula- 
tion that has been forced to fit the require- 
ments of mathematical tractability. Given this 
kind of a result and the vagaries of human 
communication, one is no longer assured that 
a BTM solution to a problem formulated with- 
out the requirement for tractability is less valid 
than an optimal solution to the force-fit formu- 
lation. Clearly, there are many problems where 
optimal (and other ‘best’) methods are appro- 
priate. However, there are a number of circum- 
stances where a BTM approach should also 
be considered. 


3. PROBABILISTIC ASPECTS OF 
THE BTM APPROACH 


In this section we describe a BTM solution 
in quantitative terms. This definition is then 
applied to the question of how many feasible 
solutions must be examined in order to gener- 
ate a BTM solution. The problem of how to 
treat multigoal problems where a clear-cut 
ranking criterion is not available is also dis- 
cussed. 

Recall that by a BTM solution we mean a 
feasible solution whose outcome would have 
a high probability of being ranked over most 
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of the outcomes for other feasible solutions. 
We assume that all the outcomes can be 
ranked on the basis of some explicit criteria, 
with ties being both possible and resolvable on 
some arbitrary basis. We define a ‘high-ranked’ 
solution to be one whose outcome belongs to 
the upper p per cent of the ranked outcomes. 
If we generate a feasible solution vector ran- 
domly, the probability that the corresponding 
outcome will satisfy our definition is p. If we 
randomly generate N feasible decision vectors, 
the probability that precisely Y of the corre- 
sponding outcomes will fall into the ‘high- 
ranked’ category has a binomial distribution 
with parameters N and p. Let po be the prob- 
ability that we do not obtain at least one such 
high-ranked solution (pp can also be described 
as the probability that Y = 0). Finally, suppose 
that we identify the solution whose outcome 
is ranked higher than the outcome for any of 
the other (N — 1) randomly generated solu- 
tions. In terms of the original definition, this 
solution is a BTM solution if the probability 
of the solution being ranked in the upper p 
per cent is high. The complement of this state- 
ment is that the value of po is low. 
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Assume, for the moment, that p is fixed, and 
recall that the parameters of the binomial dis- 
tribution are p and N. We can then ask what 
are the values of N that will give us a low 
value for po. We have 


Po = (1 — p)* (6) 
from which we obtain 


N = log po/log(1 — p). (7) 
Figure 1 shows some typical values of N and 
Po for fixed values of p. This figure shows that 
generation of a few hundred feasible solutions 
will produce a result with a high probability 
of being ranked above 95% of the feasible solu- 
tions, generation of under 1000 will produce 
a result with a high probability of being ranked 
above 99% of the feasible solutions, and gener- 
ation of under 10,000 will produce a result with 
a high probability of being ranked above 99.9% 
of the feasible solutions. Examination of (7) 
shows that for fixed values of p, a tripling of 
the value of N will reduce po by a factor of 
10~°, which means, for example, that such a 
tripling will increase the probability of obtain- 
ing a BTM solution for a given p from 0.900 
to 0.999. 





| 
10-4 


Fic. 1. Number of random feasible solution required as a function of po and p where po is prob- 
ability of not obtaining solution in-the upper p percentile. 
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We have now shown that random generation 
of only a relatively small number of feasible 
solutions will produce a BTM solution. Note 
that the only assumptions made were that (1) 
we could rank the outcomes from the ran- 
domly generated set, and (2) there were a large 
number of feasible solutions to draw from. We 
now turn to a brief discussion of these two 
assumptions. 

For a simple problem in which the decision- 
maker’s objectives are described by a scalar 
function of the decision variables, the pro- 
cedure for ranking is straightforward. The 
value of this function is used to rank the out- 
comes. However in a multigoal problem, the 
decision-maker’s objectives are described by a 
vector-valued function of the decision vari- 
ables. More explicitly, the several goals, which 
are scalar functions of the decision variables, 
are components of a vector; and there is no 
explicit scalar function by which to rank the 
outcome vectors. In this case, it is necessary 
to identify the randomly generated decision 
vectors whose outcomes are undominated by 
the outcomes for other solution vectors from 
the randomly generated set. These undom- 
inated outcomes are displayed to the decision 
maker, who selects from among them the out- 
come he most prefers. The vector correspond- 
ing to this most preferred outcome is the BTM 
solution. 

In making this last statement we have 
assumed that the decision-maker’s preferences 
are ‘rational’ in the sense that he will always 
prefer outcome B to outcome A if B dominates 
A. Under this assumption the most highly 
ranked outcome in the randomly generated set 


must be contained in the subset of undominated | 


outcomes from that set. Thus, the decision- 
maker’s selection of his most preferred out- 
come from this subset identifies the BTM solu- 
tion. A limited amount of experience with the 
generation of these kinds of subsets [1] indi- 
cates that they normally contain a small 
number of elements. Our experience also indi- 
cates that there are promising approaches to 
further reduce the number of outcomes that 
the decision maker must examine. 

The second assumption for multigoal prob- 
lems is that there are a large number of feasible 
solutions to draw our random sample from. 
This assumption implies that feasible solutions 
constitute at least a modest fraction, say 1%, 


of the total number of randomly generated 
solutions. When this condition holds, only a 
small amount of computer time may be 
required to randomly generate a set of feasible 
solutions. Our experience, based on solving a 
limited number of bicriterion problems in bi- 
nary variables [1] leads us to believe that ran- 
domly generated solutions can be generated 
and processed at a rate of 1000 to 5000 per 
min, and that improvements in this rate may 
be possible. 


4. TRACTABILITY IN THE 
BTM APPROACH 


It can be seen from the preceding discussion 
that a BTM solution is characterized by the 
assumptions that (1) random generation of 
solutions is possible and (2) at least a modest 
fraction of the solutions so generated will be 
feasible. Generation of a BTM solution vector 
requires that a set which includes all feasible 
values (typically a range) be identified for each 
component and that elements from these sets 
be selected on a random basis. Ideally, these 
sets would contain only these elements that are 
found in feasible solutions, but this condition 
is not necessary. It is sufficient if all the feasible 
elements are embedded in a larger set. 

Since the decision variables of the illustrative 
problem were binary, explicit identification of 
all possible set elements posed no difficulty, 
and problems with such decision variables 
appear to offer a fertile ground for BTM appli- 
cations. However, explicit identification of all 
possible set elements is not necessary. Another 
attractive possibility for the BTM approach 
appears to lie in problems where the variables 
have explicit upper and lower bounds. But 
even this condition is not necessary. In many 
cases it will be possible to deduce the necessary 
bounds by examination of the problem con- 
straints. For example, many problems contain 
one or more linear constraints and, if necess- 
ary, can usually be transformed into problems 
where all the decision variables are non-nega- 
tive. If the linear constraints define a closed 
feasible region, then an upper bound for a 
given variable may be found by solving a linear 
programming problem whose objective func- 
tion to be maximized is that variable and 
whose constraint equations are the linear con- 
straints of the original problem. Lower bounds 
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may be found by finding the minimum value 
for the same LP problem. Of course, bounds 
derived in this fashion are not necessarily least 
upper (or greatest lower) bounds, since they do 
not reflect limits imposed by nonlinear con- 
straints. But the values obtained with the LP 
process are bounds since the inclusion of other 
constraints can only restrict the feasible values 
further. More generally, and for the reason just 
noted, any constraint relations to which an 
optimization procedure may be applied can 
provide bounds for one or more variables. 
Thus there appear to be many problems where 
it is possible to identify ranges for the values 
of the decision variables. 

A serious computational problem arises 
when the probability is small that a randomly 
generated solution is feasible. The cost of 
generating enough feasible solutions may be 
prohibitive. This situation is likely to occur 
either when the upper and lower bounds on 
the values of the elements of the decision vec- 
tor encompass many non-feasible values or 
when the solution is tightly constrained (i.e. the 
set of feasible solutions is small relative to the 
number of solutions that could be randomly 
generated). Unless schemes can be developed, 
based on an examination of the constraints, to 
prevent the generation of many non-feasible 
solutions, the BTM approach is not well suited 
for the solution of these problems. Jt is for- 
tunate, however, that these situations are pre- 
cisely those in which implicit enumeration 
techniques, such as branch and bound, perform 
best. Many branches of the branch and bound 
tree can be pruned early because of the absence 
of feasible completions of partial solutions. 

In summary, there appear to be a number 
of problems where it is relatively easy to ran- 
domly generate feasible solutions. When this 
is not true, use of a BTM approach may be 
a case of out of the frying pan and into the 
fire since one avoids the tractability problems 
associated with a procedure for finding a ‘best’ 
solution only to encounter another tractability 
problem in the random generation of feasible 


solutions. We have not yet developed criteria 


for recognizing such problems ahead of the 
event. 


5. DISCUSSION 


Casual questioning of a number of practicing 
decision makers who have taken OR courses 
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has led us to the belief that although these 
practitioners value OR, they do not often use 
it to obtain answers to their decision problems. 
When questioned more closely, many of these 
people have said that OR concepts are useful 
for understanding problems but not for finding 
the solutions to them. It is also significant that 
most OR courses and texts place emphasis on 
programmatic techniques such as linear pro- 
gramming, whereas the most frequently applied 
OR techniques appear to be in such areas as 
descriptive PERT/CPM and simulation. Thus 
there are a number of indications of discrepan- 
cies between OR as taught and OR as applied. 
Part of these discrepancies may be attributed 
to the emphasis on finding the ‘best’ solution. 

The BTM approach appears to offer an 
attractive alternative which, while maintaining 
the traditional problem formulation frame- 
work, avoids the conventional approach to 
finding an answer to such a problem. More 
specifically, the BTM approach utilizes de- 
cision variables, criteria for recognizing a desir- 
able outcome, constraint relations and other 
general characteristics of mathematical model- 
ing. At the same time the BTM approach 
avoids the difficulties that sometimes occur 
when formulating a problem so that a ‘best’ 
solution may be found. It is clear that there 
are many problems where these difficulties can 
be overcome, and it is equally clear that the 
BTM approach avoids these difficulties by 
requiring another form of tractability. How- 
ever, we have already identified several prob- 
lem types where the BTM approach does not 
encounter tractability problems. Consequently, 
we believe that the BTM approach merits 
further study. 

Before concluding this discussion, we will 
make a few remarks on how the BTM 
approach relates to three other areas—‘fuzzy’ 
concepts, simulation, and heuristics. We begin 
with the interaction between the BTM 
approach and ‘fuzzy’ concepts, noting that the 
very phrase ‘better than most’ is a fuzzy phrase. 
The phrase is fuzzy in the same way that taller 
than most is a fuzzy phrase. Furthermore, a 
BTM solution is fuzzy in the sense that there 
are an infinite number of ranking values of 
confidence pairs (p,po) associated with any 
BTM solution. For example, the BTM solution 
obtained from the random generation of 100 
feasible solutions will result in 99.4°/ confi- 
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dence of obtaining at least one outcome ranked 
in the upper 5%, and 86.8% confidence of 
obtaining at least one outcome, ranked in the 
upper 1%, etc. A BTM solution is also ‘fuzzy’ 
in the sense that, in a vast majority of the cases, 
the precise value of the outcome cannot be 
stated. Finally we may note that although 
Zadeh recently stated’ that fuzzy concepts are 
descriptive rather than prescriptive, the fuzzy 
concepts applied here have led to a plausible 
prescriptive (or normative) approach. Thus the 
BTM approach may also be interesting as a 
prescriptive application of fuzzy concepts. 

It may also be useful to distinguish the BTM 
approach from simulation techniques since 
they have features in common, and either can 
probably be regarded as an extreme form of 
the other. However, it is reasonable to say that 
in simulation both the selection of values for 
decision variables and the interpretation of the 
outcome resulting from the selection of those 
decision variables must be done externally. In 
this sense the simulation is descriptive rather 
than prescriptive, and it is this characteristic 
that distinguishes the BTM approach from 
simulation techniques. 

Some of the work done under the rubric of 
heuristics, e.g. the recent work of Berry et al. 


[2] and of Mabert and Whybark [5], also in- 
volves the use of randomly generated solutions. 


However, the main thrust of such work 
appears to be the improvement of the prob- 
ability of generating an improved solution, 
with the random generation process providing 
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a benchmark against which other (non-ran- 
dom) generation methods are measured. How- 
ever, to the best of our knowledge the 
approach described here is unique because it 
(1) offers an alternative to ‘optimal’ or other 
forms of ‘best’ solutions, (2) does not make any 
explicit attempt to find an improved solution, 
(3) includes multigoal problems, and (4) is 
based on some simple and primitive prob- 
ability and ranking concepts. 

In conclusion, we may state that the BTM 
approach offers a new and attractive point of 
departure in the normative analysis of decision 
problems. While the approach includes a 
number of useful characteristics from other 
approaches, the BTM approach has some 
unique characteristics of its own. 
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Linear Programming is a widely used technique with many successful applications to its credit. 
However, for a variety of reasons it is found that LP often yields disappointing results. Three 
small industrial problems with obvious LP structure are described, and reasons for the lack of 
success of the technical approach are discussed. Some elementary but commonly ignored advice 
on methodology is suggested to potential LP users. 


INTRODUCTION 


THE LITERATURE of Operational Research 
includes a vast number of papers describing 
algorithmic developments and successful appli- 
cations of mathematical programming. Less 
publicity is given to unsuccessful applications 
of Linear Programming, which is regrettable 
since one of the most important skills an OR 
analyst can acquire is the ability to recognise 
when a standard technique is likely to yield 
useful or disappointing results. 

The business of practical OR is to solve 
problems in the best possible way. For this 
purpose an extensive array of techniques has 
been developed, but this paper attempts to 
show that the benefits of applying theory may 
be negligible for a variety of reasons. 

It can be argued that we learn from our mis- 
takes, and grow complacent from our suc- 
cesses. Consequently there should be a place 
in the literature for admissions of error, provid- 
ing that such case studies describe pitfalls 
which other analysts would do well to 
remember and avoid. 

This paper narrates three slightly fictional- 
ised and disguised industrial assignments un- 
dertaken by the author some years ago as a 
junior practitioner. In each instance the prob- 
lem under discussion had an obvious LP struc- 
ture. In simplified form they all might have 
appeared in the LP section of an OR text or 


257 


examination paper. Thus the methods of solu- 
tion seemed straightforward and, by calling 
upon mathematical techniques, professionally 
satisfying. 

However the outcomes were uniformly un- 
successful for reasons which should be appar- 
ent in the accounts of each project, and which 
are amplified in the conclusion. 

The paper is primarily addressed to less ex- 
perienced practitioners who are still in the pro- 
cess of establishing connections between their 
theoretical knowledge and perception of real 
problems. Older analysts will probably have 
similar memories to look back on, and may 
derive some nostalgic pleasure from these con- 
fessions of youthful misjudgement. 


PROBLEM |: ALLOCATION OF 
PRODUCTION RESOURCES 


The main production department of a firm 
contained four machines, of different ages and 
speeds, which performed the same basic pro- 
cess. Several hundred products passed through 
the department in their first stage of manufac- 
ture. Set up times were negligible and standard 
speeds per batch were specified for each 
product on the machines by which it could be 
processed. 

Allocation of batches to machines was done 
manually by a planning clerk who compiled 
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the weekly work programmes. The wide range 
of processing speeds between products and 
machines appeared to create a non trivial allo- 
cation problem. At the suggestion of the OR 
section it was agreed that the efficiency of the 
manual method of loading machines should be 
evaluated by using linear programming to 
determine the optimal solution for any given 
week. 

An outline model was developed in about 
five minutes: 


Suppose there are n products (j = | 
m machines (i = | 


= the batch time for product j on machine i 

=the number of batches required of 
product j 

h; = the number 
machine i. 


of hours available on 


Let x;; = the number of batches of product j 
produced on machine i. A suitable model is: 


minimise 2; » tijXiy (1) 


subject to 


The objective function (1) seeks to minimise 
the total processing time and does not account 
for different machine costing rates. (2) con- 
strains the output per product to the required 
number of batches. Constraints (3) ensure that 
no machine capacities are exceeded. 

There was no restriction against splitting the 
batches of a product between two or more 
machines, and the numbers of batches involved 
were sufficiently large for a continuous solution 
to be acceptable. 

A simple matrix generator was written, and 
the LP was run to discover the optimal plan 
for several actual recent weekly programmes. 
Machine availabilities were taken to be the 
loading implied by the manual schedule. Each 
LP included about 600 variables and 200 con- 
straints. 

The OR section was astonished to find that 
the LP results were virtually identical to the 
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manual plan with respect to overall machine 
loadings. Had an uneducated genius been dis- 
covered who could solve quite large linear pro- 
grams in his head? 

The firm was reassured by the evidence con- 
firming the efficiency of its seemingly primitive 
machine allocation methods, but before leaving 
the project the OR section decided to seek an 
explanation for the unexpected result. 

It was found that batch speeds exhibited a 
structure which had not previously been inves- 
tigated or suspected. The data had initially 
been tabulated in the form below: 

Machine 
Product X 4 


tai 
T42 
lan 


process times per batch (f;)). 


Closer inspection of the data revealed that the 
table could be presented in a different way: 
Machine 
Product 1 

1 kyty 

= kyt, 

n kyt, 

process times per batch (t;; = kjt)). 


To demonstrate the significance of this struc- 
tured table, consider a manually produced 
solution where all machines are fully utilised. 

Suppose a batch of product i is switched 
from machine | to machine 2. k,t; hours are 
freed on machine | and machine 2 is over- 
loaded by k,t; hours. This overload can be 
corrected by removing ky2t,/k,t; batches of 
product j from machine 2. If these batches are 
now assigned to the underloaded machine |, 
the time required on that machine is 
ky t(kti/kt;) = k,t; hours. Thus the effect of 
making the exchange is to leave both machines 
fully loaded. 

Clearly the same argument applies to all 
product/machine interchanges, hence for the 
LP model all feasible solutions have the same 
objective function value. 

Although this problem gave every appear- 
ance of being ideally suited to a LP approach, 
the surprising conclusion was that any solution 
obeying the machine capacity constraints was 
bound to be optimal. The OR suggestion that 
an allocation problem existed was an illusion 
and the manual system of production planning 
was retained. 
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PROBLEM 2: CONTROL OF 
EXCESS INK STOCK 


A firm produced a range of printed textiles 
using several hundred coloured inks, each print 
run required between one and six inks. The 
design of the printing machines caused the 
rollers to run dry when approximately ten 
litres of ink was still circulating in the troughs, 
reservoirs and connecting pipework. All inks 
were mixed and colour matched at the begin- 
ning of a run, and the average amount of each 
colour remaining when the order was complete 
was about 12 litres. 

The normal practice was to send these ‘left 
overs’ to a mixed ink stockroom, and to draw 
from stock only when the exact colour was in 
demand. Since the interval between demands 
for any ink averaged several weeks, large 
stocks were carried. Quite often an ink was 
not easily accessible, having disappeared under 
a pile of ‘kettles’ in a rather badly organised 
storage area. Existing stocks were not infre- 
quently overlooked, and the store was liable 
to contain several batches of the same colour. 

New product ranges using incompatible but 
equally expensive inks were being planned. 
Anticipating an explosion of ready mixed ink 
stocks, the printing manager invited an OR 
analyst to consider the problem. The obvious 
approach, said the manager, was to devise a 
system of converting ready mixed inks into 
nearby colours to accelerate stock turnover 
and reduce stock levels. 

All the coloured inks were mixed from a 
fairly small number of basic ingredients—pig- 
ments, solvents and thinners—and exact for- 
mulations by volume were defined for each of 
the many colours. 

For any day the ink requirement and present 
stock position were known, and the basic in- 
gredients could be assumed to be in unlimited 
supply. Obviously the problem of holding 
mixed ink stocks at the lowest possible level 
could be formulated as a linear program: 


Suppose there are n inks (j = 1 
m ingredients (i = | 


= number of litres of ingredient i per iitre 
of ink j 

= number of litres of ink j in stock 

= number of litres of ink j required. 


= number of litres of ready mixed ink k 
to be used in making ink j 
number of litres of ingredient i to be used 
in making ink j. 
A suitable model is: 


maximise ¥ ¥ x; 


minimise ¥ Y 


subject to 


yy + Y diz Xj = aR; 
k 


all 
Xj. Vij > 9. 


The objective function maximises the volume 
of ready-mixed ink used in making the current 
requirement for fresh ink (1), or equivalently 
minimises the volume of basic ingredients used 
(1’). Constraints (2) ensure that ready mixed 
inks can only be used up to their stock levels. 
The last set of constraints (3) guarantee that 
the formulation of each ink made from ready 
mixed stocks and/or basic ingredients meets 
the specification. 

With 500 colours the formulation is impress- 
ively large even by modern standards, involv- 
ing some: 250,000 variables and 3000 con- 
straints. However the LP for a daily mixing 
programme could be very significantly reduced 
in size. Any colour including an ingredient not 
present in the formulation of another colour 
could not be converted to that colour, hence 
the corresponding variable need not be defined. 
Also, not more than about 20 colours would 
be needed on any one day. 

A matrix generator would be needed to pro- 
duce an efficient model for a particular day, 
but it was clear that the LP would be of 
manageable size—typically 400 variables and 
200 rows. 

Having proved the feasibility of a linear pro- 
gramming approach it was necessary to ask 
whether this provided a reasonable practical 
solution. Matrix generating and report writing 
programs would be needed, as would up to 
date stock records. The cost of designing and 
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implementing a suitable computer system, even 
with an immediately available LP package, 
seemed high in comparison with the likely sav- 
ings. It was also apparent that daily printing 
production often differed from the published 
schedule, and frequent manual interventions 
would further reduce the potential benefits of 
using LP. After some discussion the OR ana- 
lyst and the printing manager agreed that the 
technical attraction of using LP was more than 
offset by the cumbersome nature of the support 
systems that would be necessary. 

Eventually a sub-optimal but more practical 
solution was adopted. For each ink a set of 
similar inks was defined, and tables prepared 
to show how a similar ink should be mixed 
with basic ingredients to produce the required 
ink. In the hands of the ink mixing foreman 
this proved to be an acceptable and efficient 
method. 

Finally—and this perhaps should have been 
the opening question—the OR analyst asked 
if the 12 litres or so of excess for each colour 
when it was used was really unavoidable. The 
printing machines were general purpose 
printers designed for long runs and cheap inks. 
To avoid frequent topping up, the troughs 


from which the rollers picked up ink were of 
high capacity, far higher than was needed for 
the short printing runs which were usually 
made. By a simple replacement with smaller 
troughs it was possible to reduce the ink left 
at the end of a run to about 6 litres per colour, 
halving the initial problem at a stroke. 


PROBLEM 3: PANEL CUTTING 
IN A FURNITURE FACTORY 


As an exercise in product diversification a 
firm launched a range of self-assembly ‘knock- 
down’ furniture. Each item in the range com- 
prised a set of rectangular laminated chipboard 
panels plus the associated fixtures and fittings. 
Panels were cut from larger laminated chip- 
board sheets, and concern was expressed about 
the proportion of this material which was 
being wasted in the form of unusable offcuts. 
The OR section was invited to consider the 
problem of reducing waste. 

About 20 different panel sizes were required 
to produce the full range, and the economics 
of the laminating operation dictated that only 
one size of chipboard sheet could be used. 
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Effectively the furniture factory was faced with 
a trim loss problem of intermediate difficulty, 
and LP was the obvious technique to use. 

The only cutting restriction was that 
‘stopped’ cuts were not possible, that is all cuts 
must be made across the full length or width 
of the board presented to the saw. 

In theory LP models are easily constructed 
for such problems by associating a variable 
with every permitted cutting pattern indicating 
the frequency with which it is used. In practice 
the number of cutting patterns is generally too 
large to be handled, and the definitive work 
of Gomory and Gilmore suggests alternative 
LP based approaches for a variety of trim loss 
problems. 

However for this problem the panels could 
be divided into two distinct groups, large 
panels and small panels. Only one large panel 
could be cut across the width of the basic chip- 
board sheet, producing an offcut which could 
then be used for the smaller panels. By assum- 
ing that the first cut would always be made 
lengthwise at one of five widths, the original 
chipboard sheet could be regarded as one of 
five combinations of a large panel sheet and 
a small panel sheet. 

The number of sensible cutting patterns for 
large and small panels was by this means very 
significantly reduced, and an exhaustive list 
was produced manually in less than a day. The 
LP, which would have been extremely large 
and awkward to define for 20 arbitrarily sized 
panels, was shrunk to a model involving less 
than 150 variables as a consequence of the 
actual panel dimensions. 

Full details of the panel sizes and the formu- 
lation are not included as they have little sig- 
nificance beyond the particular problem, but 
it is worth emphasising that a mixture of com- 
mon sense and ingenuity will often allow a 
model to be constructed relatively easily even 
though the general type of problem under 
attack may be almost intractable. 

Before OR advice had been requested cut- 
ting schedules had been prepared manually, 
making available adequate data for the com- 
parison of LP and manual solutions. When the 
LP was run to determine the minimal waste 
for a given panel requirement it was found that 
the total percentage of waste could not be 
brought down by more than 2%. The maxi- 
mum savings, excluding the cost of running the 
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LP every week, were estimated at less than 
£10,000 per year. 

Further discussion showed that even this 
sum was largely illusory. No account had been 
taken in the model of the difficulty in using 
some of the patterns, especially the cost of 
adjusting the saw for different cuts and the poss- 
ibility of mistakes if a large number of different 
cutting patterns were to be specified in any week. 

The OR section were able to point out a 
few patterns which the manual planner had 
overlooked, and these alone would halve the 
difference between the manual and LP results 
if included in future cutting schedules. 

Thus the true cost savings associated with 
using LP to minimise waste were newly esti- 
mated at not more than £3000 per annum, 
excluding the costs of implementing the necess- 
ary systems. The final benefits would be negli- 
gible, if they existed at all. It was agreed that 
the manual methods should be retained and 
that further OR advice should only be sought 
if there were any substantial changes to the 
production facilities or the product range. 

In retrospect it was perhaps not surprising 
that LP had so little to contribute. As the ana- 
lyst working on the problem had discovered, 
it was fairly straightforward to compile a list 
of efficient cutting patterns, and this was pre- 
cisely what the manual planner had done. 
Given this list good solutions could be guaran- 
teed, and manual methods could take into 
account production difficulties which were not 
easy to incorporate in the LP model. 

Once again the OR section had found that 
a fairly small ‘LP problem’ could be solved 
with minimal loss of efficiency by a reasonably 
intelligent planner completely unversed in OR 
techniques. 


CONCLUSION 


Each of the three problems described pro- 
vides a salutary example of an OR analyst 
attaching too much faith to the potential of 
linear programming. In this concluding section 
suggestions are made which a _ practitioner 
would be well advised to consider before 
embarking on any substantial LP exercise. 

The most fundamental piece of advice is 
never to rush into a mathematical approach 
without mulling over the problem in a more 
informal way. In particular, wherever possible 
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the physical system giving rise to the problem 
should be carefully studied. The printing ink 
study shows how a simple engineering modifi- 
cation, which had been overlooked by a 
departmental manager and his foremen, would 
immediately bring significant benefits. All that 
OR was doing was to point out that an appar- 
ent constraint could easily be changed. !t is 
probably true that in any LP study greater 
gains will be achieved as a result of showing 
that apparently inviolable constraints can be 
relaxed than by optimising within the frame- 
work of currently accepted constraints. 
Practical problems displaying LP structures 
are often very tightly constrained, allowing 
little scope for further improvement. The 
machine allocation problem is an extreme case 
where all feasible solutions are optimal, and 
perhaps the author was unlucky to discover 
such a problem so early in his career. A sen- 
sible approach, where it is suspected that gains 
may be small, is to perform a limited pilot 
study involving only the most significant vari- 
ables. In the example cited a fraction of the 
products accounted for a high proportion of 
the total output. A preliminary LP study re- 
stricted to the most important products would 
rapidly have generated the results which ulti- 
mately emerged, and shown that a full scale 
study was unnecessary. An eccentric, but by 
no means foolish practice is to maximise and 
minimise the same objective function. It will 
often be found that the difference between the 
worst and best solutions is slight, and that the 
current policy has evolved, through trial and 
error, to something very close to the optimum. 
In all three problems the analyst was in the 
fortunate position of having access to highly 
reliable data, and fairly simple models could 
be constructed. Generally life is less obliging. 
and there will be doubts concerning the accu- 
racy of both the data and the model. Such 
models may indicate promising benefits which 
are never realised after a system has been im- 
plemented. Even worse, solutions may be 
accepted because of the benefits they predict. 
whereas actual outcomes lead to a deterio- 
ration in performance. There have been several 
unpublished examples in Britain of very large 
scale LP systems which have proved to be costly 
failures although they were initially imple- 
mented with a high degree of optimism. Whilst 
the literature abounds with examples of LP ap- 
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plications it is rare to find definitive statements 
about the net gains which were universally 
recognised as having been achieved. 

Finally it must be realised that LP methods 
are by no means the only way of obtaining 
optimal solutions to all LP problems. This 
point is often obscured by the way LP is 
taught. Text books abound with exercises 
where solutions cannot be seen by inspection, 
but in practice intuitive solutions may be re- 
markably efficient. A good example is the 
classical travelling salesman problem. If the 
distances (or costs, times etc.) can be repre- 
sented in the plane, the human brain is quite 
capable of seeing efficient circular tours where 
even the largest computers would run into dif- 
ficulties. 

The object of this paper is not to claim that 
all LP studies are misguided or unsuccessful; 
such a suggestion is manifestly absurd. How- 
ever it is the author’s feeling that the benefits 
of LP have been oversold. The techniques are 
attractive because of their simplicity and the 
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multiplicity of problems to which they can be 
applied. It is impossible to be competent at 
OR without appreciating the battery of mathe- 
matical techniques which now exist, but 
equally it is impossible to be competent with- 
out a sound judgement of when they should 
be used. 

JK Galbraith in The Affluent Society coined 
the phrase ‘conventional wisdom’ to describe 
a framework of economic belief which he 
regarded as untenable despite its widespread 
popularity. The OR analyst must of course 
always suspect the conventional wisdom of the 
organisation where he works, for without this 
challenge there will be no change. On the other 
hand he must also realise that often, whether 
by accident or design, the conventional wisdom 
is precisely what it claims to be, and that no 
amount of mathematical modelling will invali- 
date the current solutions to problems he is 
invited to study. 
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EDITORIAL 


Power Corrupts 


GONE ARE the days when the manager could expect discipline, loyalty 
and good time-keeping from his subordinates while he would roll 
in at about ten, deal with the post, pronounce a verdict on some 
outstanding matter, go out for a three hour lunch, and be ready to 
leave the office at four in the afternoon for a round of golf with 
an important client. Also gone perhaps is the old premise that by 
being envious of the manager’s life style, his subordinates became 
strongly motivated to work hard in order to attain a managerial status 
and enjoy similar privileges. 

Nowadays it is difficult to find managers who do not work long 
hours, who do not worry, who are not candidates for an early ulcer 
or even a heart attack. If anything, the working life of the successful 
executive should serve as a deterrent to aspiring young managers to 
beware of the dire consequences of success. And yet, there are plenty 
of aspirants who strive and persist, and who are in a great hurry 
to get on, and when they do, they exert themselves to get further, 
or at least to protect their position from conniving understudies. 

What is it that motivates these people? What is the reward of this 
relentless struggle to get to the top and to stay there? It certainly 
cannot always be money; there are many senior executives who have 
long satisfied all their material needs, and even in countries where 
harsh tax systems culminate in significant diminishing returns of net 
income, they prove to be a disincentive only to some but not to all. 
It has therefore often been observed that managers’ ambitions extend 
to more than just financial rewards; they look for an intellectual 
challenge, for achievement, for status and recognition, and above all— 
we are confidently told—they look for power. 

“Power implies that either the organization or the individual has 
the ability to coerce someone into doing something he does not want 
to do” [3,p. 105], or to put it more simply, power is “the ability 
to take action to effect a change in one’s environment or in someone 
else’s environment” [1, p.4]. Power to make choices between alterna- 
tives or to influence a decision, power to impose or relieve constraints, 
power to specify procedures, power to affect behaviour through the 
specification of performance criteria—in short, power is an attribute 
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that embodies the aspiration of the individual to control his own 
destiny and the well-being of the system of which he is a part, and 
for such an individual the attainment of power and the ability to 
increase it are clear manifestations of success and a cause for great 
personal satisfaction. 

Given, then, that power is something that many managers wish 
to have, the question arises as to how they go about attaining it. 
Observation suggests that some individuals devote a fair bit of their 
time to scheming and intrigue, that they plan confrontations and 
skirmishes with great attention to detail, and that their skill at crafty 
manipulation has been developed to a fine art. How did they acquire 
these skills? Have they learnt them just through experience and obser- 
vation of other manipulators at work, or have they embarked on 
an elaborate and systematic strategem to master this craft? 

I have always been naive enough to assume that most managers 
belong to the former group, that with their climb up the hierarchical 
ladder and the passage of time they become increasingly aware of 
the role of power and the machinations that it generates, and that 
whatever skills they acquire in this respect they do so almost imper- 
ceptibly through their own personal experience. Many people, of 
course, like to read about the Machiavellian exploits of great historical 
figures or captains of industry, and many delight in Stephen Potter’s 
amusing principles of gamesmanship [2], but I have never thought 
that any one took such writings seriously as recipes for the acquisition 
of power. Perhaps Potter Academies for One-upmanship do in fact 
exist, but I confess that I have not come across them. 

Sooner or later, though, someone was bound to take the subject 
seriously. I am not referring to research into the development and 
implications of power centres in industrial and social organizations 
(such research has been going on for a long time and is well docu- 
mented in the literature), but to an attempt to provide a do-it-yourself 
manual for those in avid search of power. 

Such a long awaited volume has now appeared, ‘The Craft of Power’ 
by RGH Siu [4], and as it is published by the well known publishing 
house John Wiley and Sons, my first reaction was that it deserved 
close scrutiny. On the dust cover the publisher confidently proclaims: 
“Personal power—acquiring it, maintaining and expanding it—has 
undoubtedly obsessed human beings since the first ape-men learned 
to stand erect. And those who seek power have never lacked for guides 
—sagacious or imprudent, ethical or amoral—from the I Ching to 
Machiavelli's The Prince, from the Bible to the Watergate Tapes.” 
And he goes on: “Stressing self-discipline, the lessons to be learned 
from the masters of personal power, and the very feel of power and 
status, this is a deeply engaging, transforming book. An astute observa- 
tion of human behaviour, a provocative revelation of the way in which 
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much of society is driven, The Craft of Power merits your attention. 
Read it today.” 

So I did, and a more pretentious pompous and repulsive document 
I have not seen for a iong time. The very thought of painstakingly 
instructing people how to manipulate others for the sake of personal 
greed, I find positively abhorrent, and I was therefore looking for 
some redeeming feature that would justify the allocation of space to 
this volume on one’s bookshelf. Alas, I found none. I imagine that 
the author sat down one day and said to himself, “I have to find 
a suitable topic that has such a wide appeal in society, that cuts 
across the confines of particular professions, and that is relevant to 
all walks of life, and that topic would then be a best-seller”. But 
it does not take a great deal of browsing in the book to realise that 
he has failed miserably. 

Leaving aside, for the moment, the ethical justification of a guide 
of this kind, the only saving grace of the book is its list of contents, 
which vaguely conveys a promise of some interesting topics to look 
forward to, but the text is utterly lacking in depth and the monologues 
are more reminiscent of a sales pitch than a serious attempt at the 
development of a set of postulates or arguments. The one thing that 
the book excels in is a series of contrived aphorisms, often cloaked 
in bewildering obscurantism. Here are some priceless gems from the 
sections entitled ‘manceuvering and striking’ and ‘negotiating and 
pressing on’ [4, pp. 21-26]: 


“Coil yourself omnidirectionally” 

“Intensify the hopelessness of the exploited masses to resist. Mix blame with pain in 
your punishments. Tailor the compulsions” 

“Prevail through adaptive centrality” 

“Remain unpredictable. Preserve surprise. Ambiguity, inconsistency, evasion, aphonia. 
Conceal the cunning through deception of diversion” 

“Pry psychologically with the crowbar of time” 

“An innings ends, but the game of power goes on. The confrontation being seeded 


overlaps the negotiation being matured. Do not strike out by breaking the con- 
tinuum.” 


I refuse to go on. The quotations which summarize the author’s 
thinking speak for themselves, and the subsequent chapters that pur- 
port to elaborate on these themes are not much better. What I find 
utterly baffling is that a publisher of such high repute as Wiley could 
have rated the book as a potential winner, to the extent that the 
blurb on the dust cover ends with the promise that the author’s “next 
book will be devoted to executive serenity”. The thought makes your 
blood curdle. It also makes you wonder whether people should be 
allowed to use valuable timber on such questionable projects. 

But let me return to the much more serious issue which all profes- 
sional people have to address themselves to, namely whether they 
need concern themselves with the purpose for which their clients seek 
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advice. Many would argue that the high moral tone implied in the 
comments made on Sui’s book are misplaced, and that as a profes- 
sional you have no business to set yourself up as a judge of your 
client’s motives. If he asks you to improve his cash flow, his profitabi- 
lity, his chances to beat his opponents, the saleability of his products 
of services—you readily oblige. Your advice is normally not condi- 
tional on your approval of his moral character, of the goods that 
he sells or of the use that he proposes to make of his profit. Similarly, 
on a personal level, many professionals help clients to improve their 
appearance, looks, physical condition, speech. Why should you treat 
power differently, you may ask? 

I take the view that the purpose for which advice is solicited is 
relevant, that if the client is evil-minded and intends to use the advice 
he is given for evil ends, then you should not be instrumental in 
helping him to achieve his purpose. And as for the conscious unadul- 
terated lust for power, I am suspicious of the motives involved and 
of the use to which it might be put. But many will profoundly disagree 


with this point of view and persuasively argue for keeping craft and 
ethics apart. 


SAMUEL EILON 
Chief Editor 
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FEEDBACK 


Planning, Futures, and the Skeptics 


“LONG-RANGE planning is a fraud’; ‘No one can pre- 
dict the future’; ‘Planning is worthless when everything 
changes so rapidly’; ‘it is the unexpected events that 
are determining—so say the skeptics, in increasing 
numbers, about the role of planning and futures in 
modern society. Most of these criticisms betray some 
basic misconceptions about the meaning of futures and 
planning. Of the many definitions of planning, Peter 
Drucker’s captures its essence best: “Planning deals 
with the futurity of present decisions.” Futures provides 
the long-term perspective for linking planning and 
decision-making. By separating our perceptions of the 
future from our decisions about the present, skeptics 
perpetuate a know-nothing and do-nothing mentality. 

The future is unpredictable in an absolute sense. This 
is true, whether we are trying to predict events in the 
physical world, such as earthquakes and droughts, or 
in the social and political world, such as revolutions 
or assassinations. Of course, greater predictability and 
certainty is possible when our state of knowledge about 
system behavior is greater or when the possibility of 
intervention from outside the system being examined 
is smaller. Compare, for example, the relative predicta- 
bility of eclipses versus the predictability of world cli- 
mate. An eclipse of the sun could be altered by a sizable 
physical body entering our solar system. Similarly, fore- 
casting world climate changes becomes considerably 
more difficult when human intervention—either in- 
tended (e.g. deliberate climate modification) or unin- 
tended (e.g. release of carbon dioxide from fossil 
fuels}—is at play. So it is largely a matter of degree 
of predictability and forecastability—acknowledging 
that at some point differences in degree may become, 
for practical purposes, differences in kind. 

No one could have predicted Sadat’s visit to Israel, 
including, very likely, Sadat himself. So we should not 
try. However, any serious analyses of the possible 
future course of the Israeli/Arab conflict would have 
almost certainly included as an alternative the possi- 
bility of a settlement along the lines now being pursued. 
True, the probability assigned to such an alternative 
would have been low. Nevertheless, the value of con- 
sidering a range of possible alternatives—even some- 
what improbable ones—is to force oneself to think 
carefully about how to confront such eventualities. 

Thus, the basic purpose of planning and futures can- 
not be to predict but rather to provide guidance on 
how we can better cope with uncertainty, the constant 
condition of humankind. This uncertainty stems from 
a number of causes: incomplete understanding, unex- 
pected events, individual choice. And these will always 
be with us. Statements about some future state of the 
social, political, and even the physical world should 
invariably include, explicitly or implicitly, room for 
alternative outcomes. Demographers, for example, 
should be forced to provide a set of at least three fore- 


casts of US population; economists should be required 
to tell us about the probable range of inflation or unem- 
ployment; climatologists should describe a range of 
likely world climate scenarios; and so forth. There are 
many reasons why this is not done. At times, fore- 
casters—particularly in the government sector—are put 
in positions of stating what someone may want to 
happen rather than what the forecaster thinks will 
happen. Acknowledgement of uncertainty may be 
equated in the minds of some to imprecision or evasion 
(an ‘intellectual cop-out’). Or forecasters may succumb 
to the natural temptations of playing the role of clair- 
voyant, speaking out as if they understand a situation 
better than they actually do. 

Even if forecasters behave sensibly, unexpected 
events will still come along, perhaps with increasing 
frequency, as the world becomes more complex and 
intertwined. But life is not determined solely by the 
unexpected. If it were, then our strivings to achieve 
understanding and some measure of control of our 
collective destiny would indeed be absurd. Rather, we 
are in a race with complexity; we need to think through 
a range of futures resulting from the interplay of 
expected and unexpected events so that we may decide 
how we can increase, even if only slightly, the prob- 
ability of more desirable futures. 

How can this best be done? In a variety of ways. 
But here I want to focus on the role of the much 
maligned ‘expert’. No matter how well informed and 
perceptive, experts cannot predict, so we should not 
ask them to do so. But this does not mean that we 
want to deprive ourselves of the most valuable 
resources we have, namely, the collective wisdom of 
our best intellects. What we need to learn to do is 
to use our so-called experts differently. 

We need much better ways of defining and identify- 
ing those with insight and expertise. We need to pro- 
duce some balance of undisciplinary and multi-disci- 
plinary skills. We need to seek out individuals who 
are able to see beyond the narrow boundaries of par- 
ticular disciplines and who have a flair for perceiving 
new possibilities, new opportunities, and new alterna- 
tives. Most importantly, we need to direct the attention 
of such individuals into telling us something about the 
nature of the ‘game’ we may be ‘playing’ and something 
about the odds or the range of outcomes. Paul Samuel- 
son, MIT's Nobel-prize economist, has put this fairly 
succinctly in a recent interview: 


“if someone asks me what the terms of trade between 
rural Iowa and urban Massachusetts will be in 1984 
or 1994, I can tell him how to think about the problem 
but I cannot indefinitely narrow down the probabilities. 
The essence of a science is to know not just your 
strengths but also your weaknesses. Modern economics 
cannot prophesy accurately.” 
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In essence, what Samuelson is saying is that we 
should ask our experts to shed light on the most impor- 
tant factors that may determine outcomes and how 
these factors appear to be related. 

Let me illustrate how this has been done in a particu- 
lar case. Few physical phenomena are as poorly under- 
stood as climate change and the underlying forces cre- 
ating it. Yet during the past year, it has been possible 
for the first time to portray our collective state of 
knowledge (and ignorance) on likely world climate 
change to the year 2000. This has been done by care- 
fully selecting a deliberately diverse group of some of 
the world’s leading climatologists, eliciting their percep- 
tions about particular key climate variables, such as 
global and regional temperature and precipitation, 
allowing each participant to self-rate himself and peer- 
rate others with respect to degree of expertise, surfacing 
(rather than suppressing) the degree of uncertainty as- 
sociated with each response, and combining the aggre- 
gate judgments in the form of alternative climate 
senarios. 

The perception of the ‘expert’ is not the only, or even 
the major, resource at our disposal. Not at all. We 
depend most heavily on the subjective judgment of 
individuals when we are unable to rely on history 
(because of little relevant data or the strong suspicion 
that history will not repeat itself) and when we do not 
know the important variables or do not understand 
the important relationships among them. If we can use 
prior history as a point of departure for deriving per- 
ceptions about the future, usually for short-term or well 
understood phenomena, then we can use the impressive 
array of statistical and correlative techniques available 
to the technician and analyst to detect underlying 
trends. Or if we are fortunate enough to have sufficient 
historical data and an adequate theoretical base, 
usually for physical systems, then we may be able to 
make predictions with a considerable degree of confi- 
dence. 

But availability of adequate data and theory are not 
the usual conditions in social or political arenas. Here, 
greater emphasis must necessarily be placed on human 
(including expert) judgment working with scraps of 
data and hints of underlying theories. However, the 
essential steps in the process are the same, whether 
practiced by the physical scientist, the corporate strat- 
egic planner, or the political or social analyst: describe 
a range of possible alternative futures; assign (to the 
extent one can at first) probabilities of occurrence to 
each such future; define the principal choices available 
for influencing outcomes; evaluate the range of prob- 
able consequences stemming from each choice; select 


courses of action based on some chosen set of prefer- 
ences; and—most important of all—monitor carefully 
the whole process of planning and choosing so that 
the process can be gradually improved as it is iterated 
over and over again. It is, in fact, the minute interweav- 
ing of planning and acting that is the essence of man- 
agement of any kind—public or private, organizational 
or individual. 

Viewing planning and futures as something distinct 
and apart from the practical world of decision-making 
and acting has perhaps been our most profound error. 
The separation is a reflection, in part, of our modern- 
day obsession to specialize and to carry reductionism 
to excessive lengths. But, in part, it is also due to a 
basic misunderstanding of the relationship of planning 
and futures to decision-making. Having broken apart 
the planning-acting ‘Humpty-Dumpty,’ it may be diffi- 
cult to put him back together again. In the meantime, 
countless meaningless planning exercises take place, 
both in the private and public sectors, exercises in 
which the planning function has been emasculated by 
its separation from operational decisions. Today in 
many corporations, planning managers find themselves 
collecting, organizing, and analyzing information about 
possible changes in the corporate environment that line 
managers do not know how to use. And line managers 
go through pointless ‘planning drills’ with little notion 
of how such processes might in fact help their earnings 
performance next year, if not next quarter. Similar situ- 
ations exist in many public sector activities where, for 
example, in the defense establishment, it is not uncom- 
mon to find those formulating strategic options for the 
late "80s working in splendid isolation from those who 
are making choices about such options. 

Every decision or act makes a statement about the 
future. Every useful plan tells the decision-maker some- 
thing about the nature and uncertainty of the environ- 
ment that may confront him now and in the future. 
Effective decision-making and planning are thus as in- 
extricably linked as opposite sides of the same coin. 
It is the failure to understand this intimate relationship 
that is proving costly to us all both in the misapplica- 
tion of societal resources and in the failure to realize 
achievable societal goals. 


Roy AMARA 
The President 
Institute for the Future 
2740 Sand Hill Road 
Menlo Park 
CA 94025 
USA 
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The framework of laws which in the past has governed the interaction of technology and business 
is proving inadequate as the scale and interconnectedness of economic, social and technological 
problems accelerate. The author evinces the need for new systems of control wherein both the 
macro and micro levels of perception of and response to large scale, multifaceted problems can 


be harmonised. 


1. INTRODUCTION 


a. The subject 


THE OBJECT of integrating disciplines and 
subjects which do not share models, percep- 
tions, or even vocabularies is obviously 
needed in real life, but because of the diversity 
and conflict of models it is difficult to secure 
accord and harmony when one speaks of 
method and process. What is usually beneficial 
under these circumstances is to try to achieve 
mutual understanding in terms of general 
aims—to agree about ends, and to use this 
agreement in reconciling different approaches 
to the means. Scientists and engineers in in- 
dustry and the public service are accustomed 
to the pursuit first of their own subjects and 
projects, and then of economic growth, and 
competitive success and survival, through tech- 
nological change and development. Sociolo- 
gists and economists are concerned about the 
impacts of these processes and ambitions on 
people and organisations, and with such 
matters as full employment, stable internation- 
al exchange, and the fruitful exercise of com- 
parative advantage. Can we assist the process 
of unification by addressing ourselves to the 
simple question ‘what for?’ 


b. The analogy 


I propose to seek guidance from an analogy 





' This paper is based on the Joan Woodward Memorial 
Lecture given by the author on 28th November, 1978. 
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that at first may seem slightly bizarre, and 
which certainly must not be pushed too far. 
This is the comparison of technological change 
with pre-1900 war. Both have been the source 
of social disturbance and reorganisation. Both 
have involved discomforts and suffering for 
many affected by the process; both, however, 
have been pursued because of their fruits and 
hoped-for outcome. But above all, both in- 
itially have been the subject of muddles and 
very confused thinking, again because of the 
unrecognised differences between the models of 
different groups of people. For the engineer, 
technical change is the means for plying his 
trade, as war was for the General. For the 
embattled environmentalist, nuclear reprocess- 
ing or fast breeders may represent an unmiti- 
gated evil, as war was and is for the pacifist. 
For the politician, some of his voters want 
supersonic airliners because of jobs or views 
about progress, others oppose them because of 
noise, cost, or waste, just as voters have been 
ambivalent about war, although I have to 
agree that technological change has hitherto 
been a positive-sum-game in which gains have 
massively outweighed losses, while war has 
often been a negative-sum-game. 

My reason for pushing ahead with the ana- 
logy despite this major difference is that war, 
its purposes, and its processes have been dis- 
passionately and competently studied synopti- 
cally whilst technical change has not. The im- 
pact of the classical work, ‘Vom Kriege’ written 
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by General Clausewitz in 1830, has continued 
ever since. It coldly analysed the position, 
motivation, constraints and objectives of 
aggressors and defenders, haves and have-nots, 
and includes the effects of warm emotion and 
hot anger. He answered the question ‘what 
for?” by going further than the simple concept 
‘to win’, for he recognised the potential imper- 
manence of victory; the result of war, he says, 
is never absolute. “The conquered state sees 
in it only a passing evil, which may be repaired 

after times oy means of political combina- 
tions”. And, dare I add, bringing matters up-to- 
date, by export policies based on highly com- 
petent, selective, and single-minded technical 
change. By way of experimental evidence, 
Clausewitz was able to quote from the cam- 
paigns of generals throughout history, but par- 
ticularly from those of Napoleon, whose 
synoptic view gave such a striking advantage. 
On this basis, he began the whole work: “We 
propose to consider first the single elements 
of our subject, then each branch or part, and, 
last of all, the whole, in all its relations—there- 
fore to advance from the simple to the com- 
plex. But it is necessary for us to commence 
with a glance at the nature of the whole, 
because it is particularly necessary that in the 
consideration of any of the parts their relation 
to the whole should be kept constantly in 
view”. 

He then distilled his views into the words: 
“War is therefore an act of violence intended 
to compel our opponents to fulfil our will”. 
This escapes from the unsatisfactory statement 
that the purpose is ‘to win’ or, more emo- 
tionally, ‘to protect civilisation’ ‘to defend the 
Fatherland’, ‘to look after our women and 
children’, which confuse and divide those who 
wish to think about war as an element of 
policy. Clausewitz’ statement can be used by 
a pacifist, for whom the words ‘an act of vio- 
lence’ may carry the corollary ‘unacceptable’. 
It applies equally to aggressor and defender, 
and requires no judgements as to provocation 
or historical precedent. And it carries the clear 
implication that policies pursued in war must 
in the ensuing peace be pursued by other 
means if the fruits of victory are to continue. 

In this context, it is interesting to extend the 
terminology of conflict as has been done by 
Rapoport. He defined the object of a fight as 
being the destruction of an opponent, of a 
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game as that of outwitting him, and of a debate 
as that of convincing him. Hence, bearing in 
mind considerations of revenge following 
defeat in war and resentment following defeat 
in games, transfer into debate and consensus 
emerges an essential need for permanent 
policy. 

Thus, Clausewitz, who took fourteen years 
to write his uncompleted book (the most im- 
portant part of which is in sketch form, for 
he died, aged 51, before any of it was published) 
established a pragmatic model regarding war 
as part of politics. This view profoundly 
affected the history of the nineteenth and early 
twentieth century, for it permitted escape from 
the confusion of idealistic or cataclysmic views, 
that helped to start and prolong wars. Once 
modern weapons came in, acts of violence, 
though intended to compel opponents to fulfil 
the victor’s will, did not do so. By its own 
showing the period of validity of ‘Vom Kriege’ 
came to an end. The same may well happen 
in the end to the analysis of technological 
change that we are now recommending, but 
a 100 years’ validity would be distinctly useful. 


c. The confusion 


Present thinking about the objectives of 
technological change is as unsatisfactory as 
pre-Clausewitz thinking about war. Some say 
that technology is aimed at economic growth, 
but others then retort that this is temporary, 
since conventional economic growth, being 
dependent on finite resources, cannot be sus- 
tained for ever. Others speak of ‘better living’, 
and are then met with observations that one 
man’s meat is another man’s poison. Some see 
technology as a basic vehicle for human in- 
genuity and competitiveness, justified on that 
account. One of the most interesting analyses 
is that of the late Professor Fred Hirsch, who 
wrote of the conflicts within and between what 
he called the paradox of affluence, the distribu- 
tional compulsion, and the reluctant collecti- 
vism. The first of these states one of our most 
important current technological perplexities: 

‘Why has economic advance become and 
remained so compelling a goal to all of us as 
individuals, even though it yields disappointing 
fruits when most, if not all of us, achieve it” 

One of the prime causes of muddle is the 
Sheer diversity of the impacts of technology, 





Omega, Vol. 7, No. 4 


and the insufficiency of the means for general- 
ising them so as to provide some kind of 
objective function that can then be optimised. 
We have a polynomial of the form 
social effect = f(x,) + f(x2) + f (x3)... f(x) 
where 
x; 
x2 
X3 


= extension of life expectancy 
mobilisation of new energy sources 
effect on climate of CO, from fur- 
naces etc. 

perhaps for a further hundred terms and where 

there are plenty of cross-terms. 

No one has yet been able to follow Clause- 
witz by defining even an approximate model 
that will adequately bring together the Friends 
of the Earth and the mining companies or 
nuclear energy agencies, or Ralph Nader and 
industry at large. It is fairly clear that | am 
not going to produce such an analysis in this 
paper. 

The next step is to assign priorities to the 
major impacts so as to reduce the problem to 
manageable dimensions. For the criterion to 
be continually applied must be ‘no matter how 
long the interval over which we are seeking 
to plan, what do we do about it all next Mon- 


277 


day’. A look at historical and present trends 
may enable us to approach this assembly of 
a hierarchy of priorities, about which much 
discussion will be needed. 


2. THE INTERACTIONS BETWEEN 
SCIENTISTS, ENGINEERS, 
BUSINESSMEN, AND POLITICIANS 


a. 1650-1950 


Over the period following the Renaissance, 
it was found advantageous (partly because of 
the ‘avoidance of bureaucracy’) if different 
social groups could enjoy freedom from 
detailed mutual interference. Each needed the 
outputs of the other groups, but felt that they 
were best without detailed advice. CP Snow 
spoke of two cultures: one could easily speak 
of a score or a hundred. It will suffice for our 
present purpose to speak of 4, some of whose 
interactions are described in the following 
model (Table 1). 

Businessmen who defined their enterprises 
and set them up appropriately, are protected 
by the procedures of limited liability. They, and 
individual engineers, scientists or other inven- 
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tors, are encouraged to disclose technology by 
the award to them, in return, of a temporary 
(ca 16 year) monopoly in the form of a patent: 
this encourages the diffusion and extension of 
any invention. Development of excessive power 
through monopoly is attacked by separate 
monopoly laws. (Factory legislation and en- 
vironmental regulations do go into some 
detail). But the general methods have proved 
to be effective and durable for a long time. 
The point in time at which the state began 
to make direct choices of technologies (or to 
take steps to encourage others to do so) varied 
between countries. Similar direct concern of 
businessmen with their detailed technologies 
also began at different times. In the UK, early 
technological pre-eminence underpinned the 
winning and development of an empire as a 
source of cheap raw materials and food. There- 
after, the country and its industries benefited 
most from the smooth and improving oper- 
ation of this supply system, for which many 
of the most able were educated—hence the 
value attached to the humanities including 
politics and economics, which provided the 
right background for good colonial and home 
administrators. Engineering and science were 
applied with vigour in the Navy, but after the 
initial great industrial successes in the late 
eighteenth and early nineteenth centuries, tech- 
nological initiatives often passed to other coun- 
tries, notably US and Germany. USA, being 
short of people, built on standardisation and 
mechanisation processes in which businessmen 
became deeply and personally knowledgeable. 
Germany needed to add value cheaply, to off- 
set UK raw material price advantages: hence 
her dedicated development of efficient produc- 
tion machinery. In both countries it was and 
is usual for company boards to contain many 
engineers proud to describe themselves as such. 
It was natural and necessary for engineers to 
get to know about foreign markets (for product 
design, maintenance, and adaptation) and about 
costs and profitability. The governments 
helped educationally by setting up Land Grant 
Colleges in USA and Technischen Hoch- 
schulen in Germany. Engineers were involved 


in the technical, production, marketing and. 


finance policies of their employers. This was 
also true in France at the top where the Poly- 
techniciens (and others from the Grandes 
Ecoles) brought together technology, econo- 


mics, and politics both in companies and 
government, thus effectively uniting the 
strengths of the public and private sectors. 

In Britain over the late nineteenth, and first 
half of the twentieth century, there was con- 
siderably less sharing of skills between scien- 
tists and engineers on the one hand and 
businessmen, politicians and top civil servants 
on the other. Scientists and engineers placed 
more reliance on innovation and quite new 
products, developed with fairly modest funds 
(by general industrial investment standards) in 
laboratories, workshops and small back rooms. 
Production technology was often (but not 
always) relegated to second place. 


b. 1950-1980 


The more recent awakening of interest of 
British engineers and scientists in economic 
and social factors, and of more businessmen 
and public servants in technical details, has 
arisen from three causes. The first is the sheer 
increase in importance of the technical com- 
ponent of innovation decisions. Entrance fees 
for major changes have escalated in real terms, 
largely because of the excellence, acceptance, 
and economy of scale and consequent low cost 
realised for the existing products. 

Consequently, a decision to go ahead with 
a new design of aeroengine or model of auto- 
mobile, or a quite new fibre, plastic or pharma- 
ceutical, requires the commitment of sums— 
perhaps over a billion pounds—that are sub- 
stantial in relation to the total funds com- 
manded by a large company. To champion 
such an innovation, a scientist or engineer 
must understand the financial position, and to 
decide between this kind of enterprise and a 
less risky but less profitable expansion of 
present production, the businessmen must 
know more than ever about the detail of the 
new invention, its likely cost, its acceptability 
in the market, and the hazards. 

The second cause is the increase in environ- 
mental impact, arising because of increasing 
scale of production coupled with higher stan- 
dards for clean air and rivers. Technological 
changes and expansion are now challenged 
fiercely, both rationally and irrationally, so 
that businessmen, engineers, politicians, and 
public servants must be able to marshal and 
assess the arguments on both sides, and then 
conduct their case appropriately. Scientists 
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need new understanding in order to investigate 
the risks in the appropriate terms. It is interest- 
ing that engineers in Germany regard us in 
Britain as being fortunately rational in our 
approach. 

The third cause is the great increase in the 
relative importance of production engineering 
and technology. Japan has shown that it is 
possible to prosper by excellent engineering 
that changes the production costs, reliability, 
quality, and design of existing types of product, 
without major technological invention related 
to the product. A good case in point is that 
of the Japanese motorcycle, which swept the 
world by brilliant design, production, and mar- 
keting, based partly on the observation that 
motorcycles now need bigger and more effi- 
cient electrical systems, including starters. By 
contrast, Britain has maintained its rate of in- 
vention, but repeatedly found that develop- 
ment without first-class follow-up in produc- 
tion technology simply presents competitors 
with a major opportunity. Computers and nu- 
merically controlled machine tools afford 
examples of inventions made and first devel- 
oped in Britain, and then taken over and 
exploited by others through superior com- 
petence in quantity production and appro- 
priate design. 


c. 1980 onwards: can technology be abandoned? 


The changes of which we have so far spoken 
are essentially defensive measures for British 
technology and business to prosper: the two 
cultures have needed to be introduced. To 
begin with, many did not like the change, for 
it can alter the balance of power in favour of 
those who can think and act on a broad base, 
including technology and microeconomics, and 
is awkward both for the classics-trained admin- 
istrator and the specialist scientist. There is still 
strenuous opposition to educational pro- 
grammes that sacrifice some specialist depth to 
breadth that includes technology and social 
studies. And although the opinion and in- 
fluence behind the new need is now strengthen- 
ing, it is now clear that we have to go further 
still. We now need an increasing concern with 
a total process of social advance that gets rid 
of the waste and frustration of adversary pro- 
cedure. When the businessmen and engineers 
are united, they must then get down to a con- 
siderable measure of joint planning and design 


with those concerned about the state and its 
practices, for otherwise there are real dangers 
that the adversary methods will simply bring 
the whole process of technological change to 
a dead stop. This kind of argument is already 
being seriously conducted in USA, where 
robust concepts of democratic procedure 
regard too much collusion between regulators 
and regulated, or any other major estates of 
the union, as being suspect and the possible 
source of cosy arrangements and the over-con- 
centration of power. 

At this point there are voices that ask ‘does 
it matter if we stage a moratorium on technical 
change while we pause for thought?’ Alongside 
are other, more strident, voices that already 
assert that enough is enough, and that techno- 
logy—especially if big—stands condemned. 
‘Back to the hills, forests, and fields tilled with- 
out industrial inputs’ goes the cry: ‘it was 
better in the past; small is beautiful’. 

The most basic arguments concern food 
from usable land, available energy, and sustain- 
able expectations of comfort, esteem, and lon- 
gevity. First, regarding land, there are about 
ten billion acres (out of the world land total 
of 33 billion) that might be mobilised for agri- 
culture. (At present, there are between 3 and 
4 billion arable acres.) Thus, if world popula- 
tion levels out at 10 billion or thereabouts, 
there is about one usable acre per head. 
Secondly, regarding available energy, present 
consumption averages rather less than 2kW 
per head, with a peak in US at 11 kW, and 
substantial numbers of people consuming 
between 0 and 2kW. For everyone in a world 
of 10 billion people to achieve present 
American consumption levels, world energy 
production would have to rise from the present 
figure of 7.5 terawatts to over ten times that 
figure—perhaps 100. And we must note that 
American (and Western) aspirations are to in- 
crease their per capita energy consumption yet 
further. 

There may be adequate methods for reach- 
ing these very high energy generation figures 
while living from one acre of usable land per 
head, but it seems much more likely that in- 
genuity will increasingly direct itself toward the 
achievement of satisfaction with less waste, so 
that we do not have to visualise 100 terawatts 
or more. There will be powerful arguments for 
such policies—some arising from tho’ its 
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about the environmental impact (atmospheric 
CO, levels and greenhouse effects; radioactive 
waste and other ash; appreciable climatic 
effects from heat dissipation). Others arise from 
the energy investment (and associated cash in- 
vestment) needed to raise energy production to 
these levels. Similarly, there is scope for the 
application of extra ingenuity to the produc- 
tion of an adequate and varied diet from the 
one acre average. For a vegetarian diet, there 
is no problem at all, but substantial use of ani- 
mal protein (whose production needs between 
5 and 20 times as much vegetable protein) 
makes matters much tighter. 

To satisfy social and material aspirations, it 
therefore seems that there will be a growing 
need for ingenious husbandry and substitution, 
and progressively less scope for resource— 
intensive economic growth with the current 
levels of waste. Such ingenuity will range over 
a wide area—more economical materials, with 
some recycle that does not need much energy; 
careful and varied food preparation, with less 
wasteful use of meat; methods of communica- 
tion that rely less on personal movement. Per- 
haps most important of all could be the assign- 
ment of social esteem to ingenious effectiveness 
in getting more from less. The overall effect 
would seem likely to be an increase in the need 
for technology, but with a larger degree of 
built-in social design. From the viewpoints 
both of adequacy of output and of social 
acceptability, a ‘primitive’, non-technological 
approach looks very inadequate. 

This being the case, how do we move on 
from the present hesitant and mutually defens- 
ive interaction of social and technological ac- 
tivities, to a more enthusiastic pooling of skills 
and showing of strengths? There is a historical 
precedent: Rousseau indicated that, in the late 
eighteenth century, man ceased to be involved 
in a social contract over whose shape he had 
no control: he was beginning to design the 
contract himself, by the democratic process. So 
it may be for the technological contract: tech- 
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nology was born free but is increasingly in 
chains. The important thing is for the technolo- 
gists themselves to join in the forging of the 
social chains, so as to minimise the necessary 
constraints and accept them loyally. 


3. THE TECHNOLOGICAL 
CLAUSEWITZ 


a. The objective and the method of approach 


Having asserted that the continuation of 
technology is necessary, and urged that this 
proposition be supported and clarified by as 
much evidence as is possible, we are able to 
give a very simple, and pragmatic Clausewitz- 
style answer to the question ‘what is technical 
change for?’ in the words ‘to survive’. But we 
then have to sub-divide, by considering the 
time-scale and the different groups to which 
we belong. Table 2 does this: it presents a poss- 
ible view of a hierarchy of needs for three 
groups of which we are members, the smallest 
group (UK) having its own need to add to 
those of the two larger groups “Western 
Democracies’ and ‘Human race’. We could, of 
course, add further groups moving upward, 
such as ‘mammals’ and ‘living systems’ and 
having entries here such as ‘preserve the ozone 
layer’ and ‘limit hard radiation levels’. But we 
have quite enough work on hand without such 
further extensions. 

Table 2 also has separate entries for the 
short and longer terms, and it must be noted 
that these can conflict. To make the example 
of the UK, most of us are both emotionally 
and logically attached to various aspects of ‘the 
British way of life’ and want to preserve under- 
statement, cricket, South Kensington, inven- 
tiveness, plain speaking, tolerance and many 
other things that seem to contribute. In the 
short term, we are threatened by general expec- 
tations of consumption that our productive 
efficiency cannot quite supply. We live in a 
competitive world in which we are no longer 
the leaders and pace-setters, though some of 


TABLE 2. SURVIVAL: TOP PRIORITY NEEDS (possible view) 





Group Short term (10 years) 


Long term 





Human race Avoid nuclear war 
‘Western Democracies’ 


UK 


Maintain reasonably free trade 


Avoid competitive eclipse 


Avoid nuclear war. Maintain supply and exchange 
Preserve democracy and freedom 


Form necessary alliances to maintain supply 
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us persist in behaving as though we were. Con- 
sequently, we have a short term need to com- 
pete successfully according to rules in whose 
sustainability we may not believe; for this end, 
we seem to have to behave as though orthodox 
economic growth can continue indefinitely and 
energy and raw material supplies can somehow 
or other go on growing. But if we believe that 
this "growth’ objective has to be changed or 
moderated, we are not strong enough to lead 
a movement to change it now. We then have 
to win such strength by competing successfully 
in a game in whose rules we do not believe! 

There is no shortage of books on the short 
term, but they lack long term generality, 
whether or not they admit this. Our definitive 
study must insist on the short term survival 
needs and problems, which are local and some- 
times sordid, but must, like Clausewitz, be 
more especially concerned with greater genera- 
lity and the longer term. 

Technological change has a wide range of 
different impacts on different groups, and to 
move beyond the general top-down, synoptic 
‘survival’ imperative, into the bottom-up, syn- 
thetic assembly of the top-priority objectives 
for a particular group. It would be good to 
take ‘the human race’ as the group, but this 
is difficult in a first step because of the great 
variety and diversity of African, Oriental, and 
other cultures and thinking. By way of typi- 
cally British compromise, therefore, I am 


recommending the group ‘Western democ- 


racies’. 

For this group in the longer term, we have 
to conduct a subjective selection of priorities 
to see which impacts of technology we most 
need to understand. Then we can begin to put 
together the ideas for the volume “Von der 
Wende” to stand on the shelf alongside ‘Vom 
Kriege’. I have said that there are many im- 
pacts to think about. We therefore have a 
further need for models, and simple forms of 
words that summarise situations so as to help 
with our sorting process. For if every descrip- 
tion of a technological impact is complex, con- 
voluted, and expressed in its own jargon, we 
shall have trouble. 


b. Clarity and simplicity 


Let us take some down-to-earth examples. 
One technological development about to be 
started is microelectronic automobile engine 


management. An automobile or electronic 
engineer asked to explain this may start by 
explaining cars, or chips, or combustion. In 
fact, it will suffice for our purpose to say: ‘this 
is mainly to reduce the amount of unburnt or 
partly burnt fuel going down the exhaust 
pipe’. To be sure, there are objections to this 
very simple statement, but most of them can 
be answered. We could define the purpose of 
non-persistent herbicides as being ‘mainly to 
avoid earth movement that is wasteful of 
energy’ or of the synthetic fibres as being ‘to 
produce durable textiles that are easy to look 
after, and to cheapen and systematise the first 
stage of textile manufacture by introducing 
melt ‘spinning’ or of thermoplastics as being 
‘mainly to make as many useful objects as 
possible by low-temperature forming instead of 
high temperature forming, followed by milling, 
turning and grinding, thereby saving energy 
and capital, and reducing cost’. This puts ther- 
moplastic and powder metallurgy technology 
in contiguous classes, despite the great differ- 
ences of the methods (injection moulding and 
hot isostatic pressing) and materials. 

One objection to clarity is that clear state- 
ment sometimes reveals the weakness of argu- 
ments and positions, and no one wants to risk 
mockery as an unfrocked priest or an un- 
clothed emperor. Moreover, the most impor- 
tant models, generalisations and ‘truths’ turn 
out to be so simple that it is difficult to under- 
stand how it took all those people all that time 
to find their way to a statement so very 
obvious. Philosophers, classicists, and poets 
have long traditions to back them in the 
proposition that the delectable distillation of 
wisdom into a few words can cost lifetimes of 
blood, sweat and tears. Scientists do not yet 
have this self-confidence. Sir Peter Medawar 
may say that simple principle liberates us from 
the tyranny of the particular so that we need 
no longer record the fall of every apple, but 
there are plenty of people whose trade is the 
extension of the particular, and who do not 
want to be told that their experiments are 
superfluous. 

Another solid objection to clarity is that this 
concern with detail is, sometimes (but rarely) 
entirely justified: was it not the precession of 
the perihelion of Mercury, in defiance of New- 
tonian prediction, that played a key part in 
the development of relativity? 
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Clear statements very often override or 
ignore some part of a field, and to be safe 
about the possible impact of exceptions one 
has to retreat again into detail and less com- 
prehensible qualification that is the enemy of 
synoptic thinking and decisive action. In the 
vast majority of cases, the qualification turns 
out not to be necessary, but when it is, the 
consequences of ignoring it can be serious. 
Being clear, like being decisive, involves a sig- 
nificant risk of important error. 


c. The hierarchy of the effects of technology on 
society 

Our task—to say what impacts of tech- 
nology must most importantly be assembled, 
clarified, codified, and explained in our defini- 
tive work—would have been much easier thirty 
and more years ago. Then, expectation of life 
at birth was below, and often well below, the 
scriptural three-score years and ten and life, 
as well as being short, was often nasty and bru- 
tish. Consequently, technology that pushed 
back famine and disease and thus both pro- 
longed and enriched life, was unequivocally to 
be welcomed. The production of goods— 
whether housing (that went with hygiene) or 
vehicles (that helped develop tractors) or 
chemicals (that led to pharmaceuticals and 
agrochemicals) could understandably — be 
accorded social preference over services such 
as the mending of equipment, cleaning of win- 
dows, or collection of rubbish (despite the 
hygienic aspect). Thus, there was a structured 
view of ‘human progress’ which called for tech- 
nology to be pressed ahead in a particular way. 
in the West, this view has become obsolete 
over the last three decades. Now that the 
expectation of life is over 70 in some countries, 
and care and comfort is much better, the 
esteem accorded to longevity and hygiene— 
and to goods—is being questioned. The exten- 
sion of physical survival beyond mental sur- 
vival (so that the decade or so at the end of 
life is more likely to be spent in insensate seni- 
lity) is of questionable value. Even when men- 
tal death is also postponed, what would be the 
social effect of survival till (say) 120, so that 
five generations instead of three have to work 
out a modus vivendi? Thus, longevity and health 
remain matters where technological impact is 
of high importance, but it is no longer possible 
to designate a scheme for technical action that 
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will ‘make things steadily better’. Some of the 
new impact creates unpleasant problems to 
whose alleviation technology can contribute 
(e.g. by improving mental function in the old) 
but where social action is likely to be more 
important. 

In the modern situation, a number of other 
impacts have emerged that must be given much 
higher importance than previously. War and 
conflict is the most obvious case. Technology 
has always contributed to the destructiveness 
of war, but social disruption, famine, and dis- 
ease were usually the major predators. Now, 
direct destruction is at an unacceptable level 
for all concerned. 

The technological Clausewitz, with his objec- 
tive ‘to survive’ can begin by listing the social 
impacts that he believes simply cannot be neg- 
lected over the next four decades. In some 
cases, remedial technology may continue to be 
an unalloyed good: resource and energy scarci- 
ties may be a case in point, when vigorous 
technical steps such as the development of 
solar power can create an important, though 
not necessarily a sufficient response. In others, 
technology may seem unlikely to make any im- 
portant contribution to the solutions; political 
and social measures being decisively more 
necessary. In a third class, technology may be 
simultaneously creating problems and provid- 
ing means for their solution. 

Below this high priority list—which is likely 
to be embarrassingly long—must come impacts 
of allegedly lesser effect. Among them will be 
activities of high appeal to the consumer, but 
less likely either to solve the key problems or 
to upset the applecart. And of course, some 
such cases will acquire new importance unex- 
pectedly. We may therefore expect those con- 
cerned with any impact put lower in the list, 
to urge uprating perhaps because of market 
appeal, perhaps because of the adage ‘just you 
wait’, or perhaps because of ingenuity and 
spectacle. It is particularly difficult to rate the 
social impact of the ‘gee whiz’ operation; the 
absence of bread may cause riots, but the 
absence of circuses may help the start of wars. 
Did the nation that landed men on the moon 
(with integrated circuitry as a much greater 
benefit than knowledge of the moon itself) 
become more peace-loving as a result? 

Table 3 is assembled in order to begin the 
discussion. Its principal object is to distil out 
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TABLE 3. SOCIAL IMPACTS OF TECHNOLOGY 





1. HIGH IMPACT: PROBLEMS THAT FEED PREDOMINANTLY SOCIAL AND POLITICAL SOLUTIONS 


Area affected 


Nature of impact 


Nature of possible actions 





(i) War and Conflict 
(ii) Democratic process: social 
bargaining 


(ili) The “economic growth 
machine” 


Scale of destruction and uncertainty of 
victor’s survival 

(a) Longer technological time scales 
require bipartisan policies 


Satiation of demand where existing 
products and processes fit need 


Negotiation and de-escalation 
Probably some sacrifice of technical 
efficiency 


Public/private sector collaboration in 
mature industries 





2. HIGH IMPACT: CASES WHERE TECHNOLOGY CAN MAKE FURTHER MAJOR CONTRIBUTION 


Area affected 


Nature of impact 


Nature of possible actions 





(iv) Resource scarcity (including 


energy) 


(v) Population: health and 
longevity 


(vi) Employment pattern 


(vii) Food production and 
preparation 


(viii) Environment: toxicology 


Increased bargaining power of resource 
holders: need for capital: more spoil and 
waste disposal 


Continuing increase (to limit): aggression, 
senility, new age distributions 


Move from goods to services: less routine 
use of brain: some resumed use of muscle 


Limited sustainability of Western 
procedures and diet, for 10 billion people 


Negative side effects now large and 
significant 


More toward conservative technologies: 
social measures for moderating demand: 
move to different land areas 


Population control: work on mental 
health of old: social readjustment 


Changed esteem patterns, and some move 
from specialism 


Conservative husbandry to feed more 
people per limit area, acceptably 


Proper and co-operative assessment of 
risk and necessary remedies 





Area affected 


3. MEDIUM IMPACT: 


Nature of impact 


Nature of possible actions 





Simplification of design 


Substitution and innovation in 
goods 


Size of cities 


Communications: telephony 
Information 


Housing 


Easier, cheaper production and 
maintenance: less energy use 

Longer time scale: higher entry fees: less 
success 


Telecomms permit reduction (less 
congestion and aggression) 
Better contacts: less travel: smaller cities 


Cheap processing, retrieval, display 


Improvement 


Prosecute actively 

Seek to separate the prosecution of new 
and established technologies 

Involve technology more in civic design 
Prosecute actively, especially the psycho- 
logical and educational components 


Prosecute actively, on the basis of value 
analysis 


Prosecute actively, with more inclusion of 
technology and value analysis 





Area affected 


4. LOWER IMPACT: 


Nature of impact 


Nature of possible actions 





Entertainment 


Speed of transport 


Scale of transport and highways 


Navigation 


Clothing 


Greater complexity at less cost 


More meetings and travel 


Lower unit capital costs, but more 
congestion 
Further improvement 


More role playing 


Integrate more with education 


Integrate with work on telecommunica- 
tions 


Integrate with civic design 


Prosecute actively 


Leave to market mechanism 





the high impacts: many more medium and low 
impacts could be added, so that these groups 
are no more than illustrative. Each entry in 
the table calls for comment at much greater 
length than is possible here. All that can be 


done is to mention a few highlights, specific 
and general. 

Item (ii) needs more discussion. First, anyone 
concerned with major technological develop- 
ment knows that continuity of intent, on a 
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10-20 year scale, is highly desirable. This is 
too long a period to be acceptable for the nor- 
mal democratic checks and balances, designed 
to curb the tendency of power to corrupt. Con- 
sequently, there are powerful arguments to 
take these major developments out of the poli- 
tical arena. Yet, if one then lists all of the 
matters with long time scales—health policy, 
medicine, hospital building, education at all 
levels, design of towns and roads, automobiles 
and aircraft, new materials and chemicals, con- 
trol technology, industrial priorities, foreign 
and defence policy, and so forth, it can be seen 
that the area remaining for democratic process 
can be somewhat confined. Secondly, tech- 
nology has so far tended to create small 
specialist groups on whom very much larger 
numbers of others are dependent. Such groups 
can exercise great economic power: they range 
from cleaners to systems analysts. It may 
become necessary to accept some ‘inefficiency’ 
in order to reduce the vulnerability of very 
highly organised and specialised systems— 
whose ‘efficiency’ depends on a permanent 
agreement that no group uses its powerful veto. 

Item (iii) also calls for a lot more attention. 
It is possible to expand the concept of econo- 
mic growth to include service activities and 
entertainment, and to use extensibility here to 
offset reduced employment in industries whose 
output either does not need to increase 
(because of stabilisation of demand) or cannot 
increase (because of rises in raw material or 
energy costs). It is difficult to predict the dyna- 
mics of industrial employment levels, for new 
industries do still arise, though less easily than 
formerly. What technology certainly creates is 
an increased need for mid-career retraining and 
mobility—not easy to achieve in a mature 
society with high expectation of consumption. 

Turning to the areas listed as those of 
medium and lower impact, virtually all are 
cases where technology has more to achieve. 
The case that may generate most argument is 
that of information. This is undoubtedly an 
area when all households and individuals can 
be furnished with quite new levels of access 
to information and its processing. The question 
is whether they will want or use this as it 
becomes available: we already see many times 
more calculators sold than are used, and books 
and records bought than are read or played. 
Regarding industry, the impacts on cost, design 


and innovation may be considerable. The ques- 
tion is whether the techniques do more than 
has been considered in the high impact area, 
under other headings (such as employment). 


CONCLUSIONS 


Before we summarise the arguments, three 
matters need attention. The first is the reconci- 
liation of the needs of society for synopsis 
(generalism) and specialism, and the recogni- 
tion that here there is a great tension which 
cannot be eliminated and must be managed. 
The second is the observation that war itself 
has proved to be an occasion in which the need 
for a synoptic view of technological and human 
capabilities is crucial, so that in a limited way 
the overall thinking for which we are calling 
has been done and put into practice. We need 
to ask whether we would benefit by linking 
‘Von der Wende’ quite explicitly to ‘Vom 
Kriege’ so that it can be read as volume three, 
the connecting volume two being ‘Vom tech- 
nologische Kriege’. The third is the question 
about what to do on Monday, by way of edu- 
cating technological generalists who can earn 
respect and co-operation from the technologi- 
cal specialist. 


a. The synopsis—specialist symbiosis 


Regarding synopsis and specialism, there are 
several conflicts to be managed or resolved. 
The first surrounds the risk associated with the 
unqualified simple statement, already referred 
to. This conflict cannot be eliminated, and 
must be accepted and managed. The generalist 
will be on the side of clarity and acceptance 
of hazard; the specialist on the side of precision 
with the acceptance of more or less incompre- 
hensibility. The second is the competition for 
authority, influence and resources. Both gener- 
alist and specialist are necessary, but either can 
assert that the other is of minor importance, 
and in a world of limited supplies of the best 
brains, or research grants, or the time during 
which the ruler can listen, his claims should 
come first. 

The third concerns method. I recall Michael 
Polanyi’s vivid analogy that “the advancement 
of knowledge can be likened to the solving of 
a jigsaw puzzle. The most efficient way to do 
it is not to organise the players into teams and 
to issue instructions to them, or to compel 
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them to work on one particular area of the 
puzzle: it is to leave each player free to range 
over the whole puzzle, working individually 
and uncoordinated with other players”. 

The specialist is accustomed to the division 
of labour, and prefers the assembly of the com- 
plete picture only after each participant has 
made his own contribution, with minimum 
mutual interference and minimum bureauc- 
racy. The problem is that, at the end, there 
are often problems about the fit of the sections: 
moreover, it sometimes is found that people 
have been doing different puzzles. The synoptic 
generalist probably does the frame first, and 
gets his friends to help him along the lines of 
Polanyi’s recommendation. But having got his 
general picture, he needs the specialists if he 
wants to use it to create and guide practical 
action. If he is a doctor and decides that his 
picture indicates a possible brain tumour, he 
will not be able to take any of the next steps 
of investigation and surgery himself. If he is 
a Japanese motor cycle manufacturer and has 
identified the market need that we men- 
tioned—for a powerful electrical system includ- 
ing a self-starter—he will need new integrated 
designs of alternator, engine, motor, battery, 
microelectronics, and so forth—all needing 
specialist attention as to performance needs, 
geometry, cost, production technology, and 
quality control. The specialist often regards the 
generalist intervention as unnecessarily bureau- 
cratic and tedious, but an assembly that has 
been ‘thrown together’ is far less economical 
and satisfactory than one that has been 
designed together: usually, of course, the post 
hoc design assembly is impossible. 

The fourth concerns freedom to meander. 
Most really important basic discoveries and in- 
ventions have occurred through serendipity, 
which the specialist therefore reasonably pur- 
sues. Yet for each such major advance there 
must be a multitude of subsequent enabling in- 
ventions and design elements, that must be dis- 
ciplined to make a prototype that works, and 
extremely disciplined to make a mass produc- 
tion model that is reliable and cheap. Special- 
ists are needed here also. Consequently, the 
effective generalist has to recognise that some 
specialists should be very free whilst others 
must be persuaded, probably against their will 
initially, to combine and accept synthesis that 
again will be seen as bureaucratic. 


With all of these problems, there can be no 
surprise that the vitally necessary reconcilia- 
tion of synopsis and specialism is difficult, or 
that specialist science in Britain is resistant to 
synoptic concepts. One obstructive device is 
simply to say that anyone who is promoting 
synopsis is automatically attacking specialism. 
This is emphatically not so for me: in urging 
attention for synopsis, for technology, and for 
engineering design, I am in no way attacking 
specialism of any kind. 


b. The synopsis of technology and sociology in 
war 

We now turn to the significance of war as 
an environment where there must be some 
kind of technological synopsis that effectively 
integrates all possible specialisms. Some inter- 
esting cases are very broad subjects, such as 
the feeding of an entire population under 
blockade, which may require the integration of 
rationing, studies of nutrition, programmes of 
shipbuilding, and the technology of submarine 
detection and destruction; everything affects 
everything else. 

Others are sharp and narrow such as the 
building of an atomic bomb, whase impact 
would be so spectacular that there is little in- 
itial need to give much consideration to deli- 
very systems: one will be found. But the impor- 
tant overall finding is that this mechanism can 
sometimes develop technology in a way that 
peacetime procedure has failed to do. A case 
in point is food production: both of the two 
world wars caused the performance of British 
agriculture to turn upward discontinuously— 
not because of new invention, but because of 
the simultaneous application of many possibili- 
ties that had been made available, but not 
used, in peacetime. Another is the gas turbine, 
that had often been discussed in peacetime, but 
never built. Nuclear energy release and 
polyethylene were both invented in peacetime 
and developed in wartime. Then, after the war, 
the new technology is available at a cost that 
can be built into the peacetime economy. 

Now that entry fees are more often too high 
for the traditional institutions, it is vital to find 
methods for efficiently assembling enough 
money (probably tax revenue) for the purpose, 
and to roast the first pig without burning down 
the house. The Apollo programme pulled 
through a great deal of integrated circuit, com- 
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puter systems and software technology. How 
can we, for example, pull through the many 
skills needed to make a lightweight, non-cor- 
rodible, energy-economic car bodyshell made 
from fibre-reinforced thermoset? More gener- 
ally, how can we cheapen and control the 
properties of plastics so as to enable them 
to replace metals in engineering uses (as op- 
posed to simpler and less critical duties in 
packaging, roofing, and domestic hardware)? 
This is a task to begin on Monday, not in the 
year 2000. 


c. Summary 


1. In Britain until recently, the politician, the 
businessman, the engineer, and the scientist 
have been able to avoid detailed mutual inter- 
action, interference, and understanding. Gen- 
eral devices, such as the patent and limited 
liability systems have sufficed. 


2. The increasing scale, penetration, and 
financial and environmental impacts of tech- 
nology have raised problems insoluble by the 
traditional general procedures. More detailed 
and specific interactions seem to be needed. 


3. The initial steps have been useful but de- 
fensive; people have reluctantly begun to learn 
about the skills and tasks of other groups, 
mainly to preserve their own effectiveness, and 
if possible their traditional freedoms. Engineers 
have learnt some economics, and politicians 
and businessmen have learnt more about tech- 
nology. 


4. The problems of interpenetration, how- 
ever, continue to increase, so that synoptic 
_ policies (such as the national industrial strate- 
gies) seem to be called for. This requires synop- 
tic understanding that threatens specialist 
autonomy. 


5. Countries other than UK have faced these 


needs earlier, some (e.g. USA) over a century 
ago. 


6. There is a superficial and somewhat 
bizarre analogy between the impacts of techno- 
logical change and war, even though one is a 
positive-sum and the other a negative-sum 
game. The synoptic practise of war was in- 
vented by Alexander, Napoleon and others, 
and codified clearly by Clausewitz. 


7. Synoptic practice of technological change 
has now begun, and clear codification, follow- 
ing Clausewitz, is needed. 


8. Now we require a great increase in clarity, 
simplicity of perception and demystification 
which can begin at once. It will, however, be 


unpopular because it will reveal unclothed 
emperors. 


9. We also need a view on the sensitivities 
of social change to the many impacts of tech- 
nology, and on priorities. 


10. These priorities will need much discus- 
sion, but impacts on democracy, the role of 


the individual, the veto of small specialist 
groups, the rapid growth of resource demand 
in relation to often diminishing resource sup- 
ply, and changes in environment, congestion 
and aggression seem crucial. 


11. A flight from technology cannot solve the 
problems without a catastrophic drop in popu- 
lation. 


12. Synoptic generalism is symbiotic with 
specialism: each needs the other, but they com- 
pete for resources and involve philosophical 
tensions that must be managed. 
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Given a forecast of supply and demand for cash in each period of an infinite planning horizon, 
and with a known current portfolio, a policy is chosen to invest these cash supplies in securities 
of different maturities so that the demand in every future period can be satisfied by securities 
maturing in that period. The objective is to maximize the minimum of the excess over the planning 
horizon so that any illiquidity in one period is spread out over the entire planning horizon. Analytical 
solutions are obtained for single maturity and barbell investment policies. Feasibility and optimality 


conditions are determined for these policies. 


1. INTRODUCTION 

A BANK is an institution that plays a role as 
financial intermediary in the economy, its two 
major activities being borrowing and lending. 
Typically, a bank accepts money from deposi- 
tors, lends a portion of these deposits to bor- 
rowers, and, by the art of brokerage, may profit 
from a spread between lending and borrowing 
rates. To support such operations, banks also 
maintain other activities; among these liquidity 
planning is an essential one. As Komar [12] 
points out, “the primary purpose of commer- 
cial bank liquidity planning is that of support- 
ing other banking functions, by providing in- 
surance that deposit run-offs are readily met, 
and by maintaining inventory for lending ac- 
tivities”. 

Liquidity planning in a small bank com- 
pletely differs from liquidity planning in a large 
bank basically because of the ability that a 
large bank can purchase funds, such as certifi- 
cates of deposit (CD), Eurodollar and federal 
funds, whenever needed. Smaller banks cannot 
rely their liquidity needs in the liability man- 
agement for when they need money the most 
it is usually at a time when CD market is the 
tightest and the interest rate is the highest. In 
fact, most small banks depend solely on the 
management of assets to provide their liquidity 
needs. 

Briefly, we will discuss some of the general 
practices of liquidity planning in small banks. 


In our discussion, we will restrict our attention 
to those aspects directly related to a bank’s 
liquidity planning, which although is only a 
part of bank’s overall investment planning. 
Other factors such as pledging requirement, 
risk and tax considerations which are impor- 
tant in bank’s investment planning but are not 
essential in liquidity consideration will not be 
discussed in this paper. 

The first step in liquidity planning is to esti- 
mate liquidity needs. A small bank’s need for 
liquidity essentially consists of two com- 
ponents; to meet deposit withdrawals and to 
satisfy the legitimate credit need of the com- 
munity. Thus, deposit level and loan demands 
must be forecasted. For most small banks, 
deposit level tends to follow a seasonal pattern 
with certain long term trend. Hence forecast 
on deposit level is relatively easy. Depending 
on the economy of a bank’s local community, 
loan demands are much harder to forecast, 
because, unlike deposit level, loan demands 
contain much more cyclical variations. How- 
ever, banks do have more control over their 
loan portfolio than deposit accounts, and in 
a time of tight credit, loans are granted only 
to prime customers. 

The second step is to determine the size of 
the investment portfolio. Nearly all small 
banks used to accept the size of their invest- 
ment portfolio as a residual. However, the 
tremendous growth in loans that many small 
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banks have experienced in the recent years and 
the fact that liability management is not a 
practical source of liquidity gradually change 
the residual nature of the investment portfolio. 
The size of the portfolio is determined accord- 
ing to the estimation of bank’s liquidity needs. 

Once the size of the portfolio is determined, 
a bank has to set a maturity policy, which in- 
volves the establishment of a maximum matur- 
ity limit and the scheduling of maturities 
within the portfolio. The composition or distri- 
bution of maturities in a portfolio is referred 
to as its maturity structure. A portfolio has 
spaced maturity structure if the maturities of 
securities are more or less spaced evenly within 
the established maximum range. The proceeds 
of maturing securities are reinvested in securi- 
ties of the longest maturity desired in the port- 
folio. In this way, a bank which has a bond 
portfolio with spaced maturity structure is not 
gambling on changes of interest rates or state 
of the economy. The yield of the portfolio is 
at the rate of the longest maturity while the 
average maturity is only half of the longest 
maturity. As long as the yield curve is increas- 
ing, the spaced maturity structure will assure 
the bank of higher-than-average income. In 
addition no active trading is needed to main- 
tain a spaced maturity structure. Many small 
banks prefer the spaced maturity structure in 
their bond portfolio [3, 5, 11, 15]. 

Finally, a bank has to determine strategies 
on the purchasing, trading and switching of 
bonds for the investment portfolio. There are 
important financial decisions to be made, such 
as risk, return and diversification, which are 
not discussed here. Most small banks buy 
securities for their investment portfolio and put 
them away until they mature. The main reason 
is that officers in a small bank usually do not 
have the time and/or expertise to actively trade 
investment portfolio. With a maturity strategy 
such as spaced maturity structure, small banks 
do not have to actively trade their investment 
portfolio. 

In this paper, we are interested in the prob- 
lem of selection of portfolio’s maturity struc- 
ture. This problem and some related problems 
have been studied by Bradley and Crane 
{1-3,7], Cheng [4], Chiang [5,6], Watson 
[15], Wolf [16] and Woodsworth [17]. In par- 
ticular, Bradley and Crane are interested in the 
performance of a portfolio with spaced and 
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barbell maturity structures. A portfolio has a 
barbell maturity. structure if a portion of the 
portfolio is in short-term securities and the 
remainder is in long-term securities. The 
advantage of a barbell maturity structure is 
that the short-term portion provides liquidity 
while the long-term portion provides returns, 
based on the assumption that the yield curve 
is usually increasing. Obviously, frequent trad- 
ings must be made in order to maintain a bar- 
bell maturity structure. 

An alternative approach to maturity struc- 
ture of a bond portfolio is proposed in this 
paper. Instead of considering the maturity 
structure of an entire portfolio, we study the 
maturity composition of each investment deci- 
sion. For each investment, the investment policy 
specifies the fraction to be investigated in each 
maturity. The motivation of studying invest- 
ment policy is that since many small banks do 
not actively trade their bond portfolio and 
since these are in general kept until maturity, 
it follows that the change of a portfolio’s 
maturity structure depends only on the distri- 
bution of maturities of the newly invested por- 
tion of the portfolio. Hence, it is rather natural 
to consider the problem of scheduling maturi- 
ties of each investment. Furthermore, when an 
investment policy is given, the maturity struc- 
ture of the entire portfolio could be easily com- 
puted by an aging equation, which will be dis- 
cussed in the next section. 

More specifically, in this paper we are inter- 
ested in the following asset liquidity planning 
problem: In each time period, a certain known 
cash supply is available for investment in 
government securities of various maturities. 
Forecasts of cash demand are assumed to be 
given for each planning period. We seek invest- 
ment policies such that all cash demands in 
later periods can be met by matured securities, 
and in addition, the risk of illiquidity caused 
by unforeseen cash demands is minimized over 
the entire planning horizon. Thus, our objec- 
tive is not to maximize the yield, instead, we 
want to share liquidity among all planning 
periods. 

In the next section, we formulate the asset 
liquidity planning model. The model is to 
maximize the minimum excess over an infinite 
planning horizon subject to a profit constraint, 
where the excess is defined to be the dollar 
amount of matured securities less cash 
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demands in each period. Then the model is 
used to analyze investment policies under the 
steady state condition in Section 3. In particu- 
lar, we are interested in single maturity and 
barbell investment policies. A single maturity 
investment policy invests the entire amount in 
securities of the same maturity. An investment 
policy is barbell if a portion is invested in very 
short term securities and the remaining in 
securities of a longer maturity. 

We show that a single maturity policy is 
optimal if matured securities from the present 
portfolio is larger than certain amount in each 
period before the initial investment is matured. 
It is shown in [6] that when investment policy 
is single maturity, the maturity structure of the 
portfolio will be spaced. Furthermore, if the 
present portfolio has a spaced maturity struc- 
ture, single maturity policy will maintain the 
spaced maturity structure. Thus, the model has 
explained the intuition of current practice of 
many small banks that, barred from any 
sudden demand for a large quantity of cash 
in the near future, maintaining a portfolio with 
spaced maturity structure is optimal in the 
context of sharing liquidity. 

When the optimality condition for single 
maturity investment policy is not satisfied, then 
either the profit constraint is violated or there 
is a time period with relatively low excess. 
Depending on the situation, two types of bar- 
bell policies should be considered. One type 
of barbell policy improves liquidity, while the 
other improves yield. We show that under 
appropriate conditions, these barbell policies 
are optimal. In the last section, we will give 
some additional remarks on the implemen- 
tation of our results and directions for future 
research. 


2. DEFINITIONS, ASSUMPTIONS AND 
THE MODEL 


Let t = 1, 2, 3,..., denote time periods. For 
each period t, a supply s, is allocated for invest- 
ment. A demand for cash d, is forecasted. Both 
s, and d, are nonnegative. Without the loss of 
generality, we assume that m-period is the 
maximum maturity allowed in the bond port- 
folio. It foliows from this assumption that there 
are at most m + | different ‘types’ of securities 
in the portfolio. A security is of type 0 if it 
matures within the period of purchase. A secur- 
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ity which is purchased at the beginning of a 
m, if it 
matures at the beginning of the period t + j. 
In other words, a security is of type j if it 
matures j periods after its purchase date. 

We also assume that there is no sale before 
maturity. To illustrate, if a security of type 4 
is purchased at the beginning of the first 
period, and is expected to be sold at the begin- 
ning of the fourth period, then this particular 
security is of type 3 instead of type 4, because 
it ‘matures’ three periods following the date of 
its purchase. We state that on the initial date 
of investment, no sale before maturity is 
expected. 

Thus, type j securities represent those securi- 
ties which have a remaining life of j periods, 
while type 0 securities in a period simply rep- 
resent those securities which will mature within 
that particular period. A type j security in 
period t will become type j — 1 security in 
period t + 1. 

A stationary investment policy X = (x;: 
0 <j < m) allocates a fraction x; of supply s, 
to be invested in securities of type j at the 
beginning of each period ¢ for each j. Thus, 
a single maturity investment policy is x, = | 
for some k with 0 < k < m, and x; = 0 for all 
j #k, and a barbell investment policy is 
Xo > 0, x4 > 0, for some k, and x; = 0 of j # 0, 
k. The motivation for barbell investment policy 
is that the portion invested in the short end 
provides liquidity, while the remaining portion 
seeks yield. The advantage of stationary poli- 
cies is their simplicity, although the assumption 
may be somewhat unrealistic. The mechanical 
trading rules in Bradley and Crane [3] are 
stationary policies. Because of the lack of 
resources to obtain investment expertise, many 
small banks employ investment policies which 
are almost stationary. In this study, we will 
only consider stationary policies. 

For a stationary investment policy, we 
assume that there is no short sales since a short 
sale is a liability rather than an asset. This 
assumption is equivalent to the following non- 
negativity constraints: 


x, 20 O<j<m. (1) 


Usually, only government bonds are included 
in the portfolio, and thus (1) also excludes any 
bond which can be issued by a bank. Since 
cash can be considered as a type 0 security, 
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there is no loss of generality by assuming s, 
is fully invested for each period t, i.e. 


Y x=! (2) 
j=0 

A portfolio in period t, t = 1,2,..., is repre- 
sented by Y, = (y;,,: 0 <j < m), where y;,, is 
the dollar amount of type j securities in period 
t. Recall that the index j refers to the remaining 
lifetime in periods of securities in a portfolio. 
The period before the first planning period is 
called period 0, which is usually the current 
time period. The portfolio in period 0 is called 
the current portfolio, and is denoted by Yo. 


Aging equations 


In order to have a conceptual understanding 
of the age and maturity structure of an asset 
portfolio, we discuss how assets age with the 
passage of time, and how a collection of such 
assets leads to a maturity structure for the 
portfolio as a whole. For this purpose, we de- 
rive a mathematical relationship between a 
period-t portfolio and a stationary investment 
policy. 

A portfolio in period t is the collection of 
securities inherited from period t — | and new 
securities purchased in period t. Since a secur- 
ity of type j +1 in period t— 1 becomes a 
type j security in period t, the dollar amount 
of type j securities inherited from period t — 1 
IS Vj+tr-1 for O<j<m-—1. The dollar 
amount of type j securities purchased in period 
t is s,x;. Hence, it follows that the dollar value 
of securities of type j in period t is 


Via = Vj+ia-1 + SX; 0<j<m- l 


Ya = SXm 


which is the one period aging equation. 
Given a current portfolio and a sequence of 
cash supplies, s, t = 1,2,...we are interested 
in the maturity structure of the period-t port- 
folio when an investment policy (x,) is 
employed. By repeated recursions of the one 
period aging equation we get 
Yin = Vjsno + 2 SXjer-1 OSjsm, (3) 
where y, 9 = 0 and x, = 0 for all k > m. The 
aging equation (3) shows that type j securities 
in period t are the sum of type j + t securities 
in the initial portfolio and a fraction of all 
securities invested in later periods. 


Chiang—Liquidity Planning in a Small Bank 


Profit constraint 


In the model we include a profit constraint 
te ensure that all feasible investment policies 
achieve a certain minimum level of profitabi- 
lity. In our context, the word profit is defined 
to be the discounted present worth of all future 
yields from investments, including coupons and 
capital gains resulting from buying at discount 
and selling at par. 

Because of the time value of money, profits 
from two investments with different payment 
schedules may be different even when the inter- 
est rates are identical. There are usually three 
different types of payment schedules: purchas- 
ing at discount and selling at par, payment of 
interest at maturity and periodic coupon pay- 
ments. The first two are identical mathemati- 
cally: purchasing a security of par value u dol- 
lars at the discount price of v dollars is equival- 
ent to investing v dollars in a security and 
receiving a total payment of (u — v) dollars 
together with the principal v dollars at matur- 
ity. Thus, we will assume that all securities 
have either periodic coupon payments or pay- 
ment at maturity. In the formulation of our 
profit constraint, one must include securities 
with both types of payment schedules as most 
long-term bonds have periodic coupon pay- 
ments, while most short-term securities are 
paid at maturity. In the Appendix, we show 
that in either case, we can define a quantity 
r; such that r; represents the present value of 
total future return from investing s, in type j 
securities at period t. The present value of the 
total future return of a policy is 


m 
Y PjX jy 
j=0 


which we will require to be larger than a prede- 
termined profit level p. In other words, the pro- 


fit constraint is 


Y rjxj 2p. (4) 
j=0 


A policy is feasible with respect to the profit 
constraint if it satisfies the inequality (4). If 
r = max (r)) and if p > r, then no policy is feas- 
ible with respect to the profit constraint. The 
profit constraint is redundant if every policy is 
feasible with respect to the profit constraint. 

If p < r, then p divides securities into ‘profi- 
table’ and ‘unprofitable’ types,. For a policy to 
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be feasible with respect to the profit constraint, 
the fraction to be invested in ‘unprofitable’ 
securities is bounded from above, and at least 
one ‘profitable’ security must be purchased. 


Objective function 


If the dollar value of securities maturing in 
one period is greater than the cash demand 
in that period, then the demand can be easily 
satisfied. If the value of securities maturing in 
period ¢ is yo, and the demand is d,, there is 
an excess e, when e, = yo, — d, > 0. From (3), 


Your = no + DY SiX-i- 
i=1 

Our goal will be to satisfy all cash demands 
with funds derived from matured securities. 
Obviously, all demands will be satisfied if the 
excess is nonnegative for all periods. This 
occurs if and only if the minimum excess (over 
all periods) is nonnegative. The objective we 
will use is to find an investment policy such 
that the minimum excess is maximized, i.e. 


max (min «) (5) 
x Bre 


The maximization in (5) is over all policies X 
which satisfy the profit constraint (4), the full 
investment constraint (2) and nonnegativity 
constraints (1). Since 


e,>D forall t, (6) 


the max-min problem of (5) can be solved by 
the following linear program (Dantzig [8], 
Chapter 13): 


max D subject to (1), (2), (4) and (6), (7) 


where y,o = 0 for all t > m. The inequality (6) 
is called the cash flow constraint of period t. 

The quantity D has several interpretations. 
First, it can be regarded as the minimum excess 
over the entire planning horizon. This interpre- 
tation arises from the fact that the left hand 
side of (6) is the excess in period t; we require 
this excess to be greater than or equal to D 
in every period. If a feasible solution of the 
linear program (7) with D > 0 exists, then D 
must be nonnegative in every optimal solution 
of (7). Thus, every period has a nonnegative 
excess, and sales of securities before maturity, 
(i.e. at discount) will not be necessary.: 

We may interpret —D as borrowings, which 
is more meaningful when D is negative, that 


is, when a deficit occurs. Since maximizing D 
is equivalent to minimizing —D, the objective 
function of (7) can also represent the minimiza- 
tion of borrowings. D can also represent a 
safety stock for unexpected demands. The max- 
imization of D can then be interpreted as find- 
ing the largest safety stock to meet unexpected 
demands. 


3. OPTIMALITY IN EQUILIBRIUM 


In this section, we present necessary and suf- 
ficient conditions for feasibility and optimality 
of single maturity and barbell investment polli- 
cies when demands and supplies are stationary. 
Complete mathematical proofs of feasibility 
and optimality conditions will not be included 
in this paper (for rigorous mathematical proof, 
see [5], chapter 3). However, the intuition 
behind these conditions will be discussed. 


The stationary model 

In equilibrium, supply and demand are 
assumed stationary, i.e. s, = s and d, = d are 
constant for all t. With such assumption, the 
cash flow constraint (6) becomes 


e>D 
The linear program (7) becomes 


max Ww 


subject to (1), (2), (4) and (8). 

Each investment policy corresponds to one 
or more basic solutions of the linear program 
(9). Since all non-basic variables are zero, a 
basic solution is found by solving the con- 
straints as a system of simultaneous equations. 
Feasibility conditions insure the nonnegativity 
of all variables, including slack variables, and 
conversely. Hence, the feasibility condition of 
a particular basic solution can be derived from 
the nonnegativity of all basic variables in that 
solution. Furthermore, in a basic feasible solu- 
tion, if w = s, then the solution is already opti- 
mal because of the constraint w < s. If w <-s, 
one can determine the optimality conditicns 
from the duality theory of linear programming 
(Dantzig [8], Chapter 6), in particular, from 
the complementary slackness condition and the 
strong duality theorem. 


Single maturity investment policy 


Consider the following single maturity 





292 


investment policy: 


x, = | for some k<m 


x, =0 


(10) 
for all j #k. 


For this single maturity policy to satisfy the 
profit constraint, the return from type k securi- 
ties must be larger than the predetermined pro- 
fit level p. 

For the policy (10) to satisfy cash flow con- 
straints (8), we note that a basic feature of the 
single maturity investment policy is that the 
investment in the first period will not mature 
until k periods later. Hence, for the first k 
periods, demands must be satisfied by cash 
generated from matured securities in the cur- 
rent portfolio, i.e. yj where j < k. After period 
k, the investment from the first period will 
mature, hence for each period t > k, the total 
amount matured will be at least s. Yet w <s 
is one of the constraints, thus, if y;9 > s for 
all j < k, w could equal to s and thus achieving 
optimality, providing that the profit constraints 
is also satisfied, i.e. r, > p. In this case, the 
minimum excess D is equal to s — d. 

We should point out that whenever there are 
more than one type of security which satisfies 
the optimality condition, the one with the shor- 


test maturity would be preferred. This is to say 
that liquidity is preferred in terms of shorter 
maturity when the profit level is satisfied. This 
corollary essentially follows from the objective 
function of the model. 


Barbell investment policy 


The advantage of a barbell policy is that the 
short end provides liquidity while the long end 
provides yield. Thus, we can assume without 
the loss of generality that 


ro ST, = max F,;, 


0<j<m 


for we should not consider securities with 
longer maturity and yet provide less profit. 
With this assumption, the profit constraint 
would be redundant for all barbell policies if 
the profit level p < ro. If p >r,, then no feas- 
ible barbell policy exists. Therefore, to study 
the optimality of barbell policies, we only con- 
sider the case of ro <p<r,, Optimal mix 
between the fractions of short (xo) and long 
(x,,) Maturities must be found, so that the 
maximum liquidity is obtained while the profit 
level p is achieved. This balance between profit- 
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ability and liquidity will depend on the profit 
level p, the future returns rp and r,,, and the 
current portfolio Yo. 

Since ro < p, type 0 security is an unprofit- 
able type, thus x9 is bounded above by 
Bo = (tm — P)/(tm — Vo). This upper bound sug- 
gests the consideration of the following barbell 
policy: 


'm — P 


',h — To 


Xo = 


BS Hort | 


'm — To 


ae 


x;=0 forall j+0,m 


The reason is that among all barbell policies 
which are feasible with respect to the profit 
constraint, policy (11) allocates the largest frac- 
tion of each period’s supply to type 0 securities, 
and thus, is the most liquid one. 

The cash flow constraints (8) under any bar- 
bell policy can be rewritten as 


W — SXq 
W — SXq 


<Vj0 for I1<j<m 


Et 


since Xg + X, = 1. Thus, a barbell policy can 
be considered as the single maturity policy of 
investing a supply of sx,, in type m securities 
given that a demand is d — sxo. From the opti- 
mality theorem of a single maturity investment 
policy, a feasible barbell policy is optimal if 
Vjo > SXm for all j < m, ie. 

Xm < Yi,o/S, (12) 


where yj; 9 is defined by 


min Yjo. 


Il<j<m 


Fie (13) 


Hence, a barbell policy is optimal if it satisfies 
both (12) and the profit constraint. In particu- 
lar, the barbell policy (11) is optimal provided 
that (p — ro)/(r'm — To) < Yi,o/s. 

When (p — ro)/(rm — To) > Yi,o/S, it can be 
shown from the optimality theorem of a single 
investment policy and the duality theory of 
linear programming that the barbell policy (11) 
is still optimal if the condition ro > r; for every 
j <iis satisfied. This condition, which means 
that type 0 securities have higher yield than 
type j securities for all j <i, is probably un- 
likely in practice. Nevertheless, when this situ- 
ation happens, investments in type 0 security 
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are not only for its short maturity but also 
for its yield. 

There is an alternative optimal barbell policy 
when the condition (p — ro)/('m — To) < Yj.0/S 
< | is satisfied. The barbell policy 


Yi,o 
Xo = l oS 
Ss 


Yi,o 
X_ = —— 
S 


xj=0 forall j # 0,m, 


is optimal because (i) the inequality (p — ro)/ 
('m — o) < Yi.o/S insures that the profit con- 
straint is satisfied, (ii) y; o/s < 1 guarantees the 
nonnegativity of variables, and (iii) for the 
basic solution (14) the objective value of linear 
program (9) is s. 

As we have pointed out earlier, a barbell 
policy provides an excellent example of the 
tradeoff between profitability and liquidity. For 
the policy (11), the fraction invested in long- 
term securities would be increased to satisfy 
a higher profit level, while the portion of short- 
term investments would have to be reduced. 
When p decreases, the requirement for profits 
is reduced and short-term liquid investments 
increases. The policy (14) is more concerned 
with the amount of securities maturing in 
period i. If the amount of securities maturing 
in period i decreases, then the portion invested 
in short-term securities must be increased to 
provide liquidity in. period i. 


4. FURTHER IMPLICATIONS 


The goal of our model is to provide a theor- 
etical framework from which long range invest- 
ment policies of liquidity planning in small 
banks can be analyzed. The emphasis is on the 
analysis of long range investment policies, i.e. 
stationary policies. In particular, we are inter- 
ested in sufficient conditions such that these 
policies are optimal in the sense that resources 
are shared equally among all planning periods 
to satisfy demands. For a bank with sharing 
liquidity as its objective in liquidity planning, 
an investment policy could be implemented if 
the sufficient conditions for that policy are 
satisfied. 

The equilibrium condition is very restrictive 
as far as a bank’s short term liquidity manage- 
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ment is concerned. However, for many small 
banks, the long term trends in both deposit 
level and loan demands (as measured by the 
size of their loan portfolio) are linear. If we 
consider a year to be one period, then supply 
and demand would be very closed to the steady 
state condition, and hence, the results from the 
last section can be used directly. The advantage 
here is that no algorithm is needed. 

For short term liquidity management, the 
presence of seasonality in deposit level and 
loan demands makes the steady state assump- 
tion unrealistic, and thus the equilibrium 
results are not applicable. In this case, one 
could solve the infinite linear programming 
model (7) in Section 2 by algorithms similar 
to the one proposed by Grinold [9]. Alterna- 
tively, one could formulate finite planning hori- 
zon models as that of Komar [12]. However, 
analytical solutions could not be found for any 
nonequilibrium problem. In addition, since the 
planning horizon is finite, careful consider- 
ations must be given to the ending portfolio 
so that the liquidity provided by the ending 
portfolio for those time periods beyond the 
planning horizon would be sound. 

In our planning model, the max—min objec- 
tive of sharing liquidity only concerns with 
cash flows in each planning period. Since inter- 
est rates are not included in the objective func- 
tion, investment policies are usually insensitive 
to the change of interest rates. Previous models 
on the management of government bond port- 
folio have profit maximizing objective and thus 
are very sensitive to the forecasts of interest 
rates (see Watson [15]). While accurate predic- 
tion of future interest rates is hard, it is much 
easier to forecast supply and demand of future 
cash flows for many small banks. Thus, in- 
sensitivity to future interest rates is an impor- 
tant advantage of the model presented in this 
paper. 

To forecast exact future cash flows may often 
be a complex task. However, it is not necessary 
to have accurate forecasts of exact future cash 
flows in order to implement the results of the 
last section. For example, we could consider 
a period to be one year in the long range plan- 
ning and thus future supply and demand are 
quite aggregate. With stable long-term trends 
and predictable short-term seasonality in both 
deposit level and loan demands in many small 
banks, forecasts for future cash flows in annual 
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or semi-annual intervals are much easier in 
these banks. In addition, equilibrium solutions 
in the last section are not very sensitive to the 
data on supply and demand. For example, if 
we assume that the profit constraint is not 
active, the optimality of single maturity policies 
only depends on the size of each type of securi- 
ties in the current portfolio as measured by 
the equilibrium supply. Thus, if type j securities 
in the current portfolio are much larger than 
the supply for all j < k, then the single matur- 
ity policy x, = 1 will be optimal as long as 
the supply is not under-estimated by a big mar- 
gin. Furthermore, the size of the supply does 
not solely depend on forecasts of future cash 
flows, but also partially depends on the man- 
agement’s allocation of resources, which is a 
part of a bank’s overall asset liability planning 
and is not included in our liquidity planning 
model. 

From the above discussion, several direc- 
tions of future research emerge. First, invest- 
ment policies different from single maturity 
and barbell policies should be investigated and 
evaluated. Second, the stochastic nature of sup- 
ply and demand could be included in liquidity 
planning models. Third, one should formulate 
liquidity management models (vs_ liquidity 
planning models in this paper) which could in- 
corporate tradings of securities and capital 
gains and losses resulted from these tradings 
and interest rate fluctuations. 

A different direction is to apply the approach 
presented in this paper to liability liquidity. To 
be sure, asset liquidity is and should be con- 
sidered as only one component of a bank’s 
overall liquidity planning. A bank should have 
an overall liquidity planning program, rather 
than relying solely on either asset or liability 
management for its liquidity needs. This is 
pointed out also by Ritter [14] after his study 
of 1966 credit squeeze. However, we can model 
asset and liability liquidity separately, and then 
incorporate them into an overall liquidity plan- 
ning program. This paper is intended to be the 
first step toward an overall liquidity planning 
model. 
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APPENDIX 


We compute the present value of total future return 
from type j securities which either have periodic coupon 
payments or payment at maturity. Let the discount 
factor per period be 5, where 0 <6 < 1. Suppose one 
dollar invested in a type j security in period t results in 
a return of r;, at maturity. Then the present value of 
returns from the investment of a fraction x, of s, in the 
security is 6/*'~' rx ,s,. Summing over all future periods 
the present value of future return (profit) from type j 
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securities is 


w( ») Fes ey 
tt 


If coupon payments of a type j security purchased at 
period t are made in each period, then coupons are 
received in periods t, f+ 1,...,t+j — 1. If the coupon 
rate is F;, per period paid at the end of each period, it 
follows that the present value of these coupon payments 
from an investment of x,s, in the security is ((1 — 54)/ 
(1 — 6))ét?; .x;s, Hence, the present value of total future 
returns from type j securities is 


(1 — 6/)/(1 - on( 5 ir) 


Thus we define 


if the payment of type j securities is received at maturity, 
and 


r= (1-H - ay( y vrs) 
t=1 


if periodic coupon payments are received for each dollar 
invested in type j securities. That is, r; represents the 
present value of total future return from investing s, in 
type j securities at period t. 
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A model of the processes of work motivation is presented which integrates concepts of trait, 
reinforcement and valency-expectancy theories. The response is determined by a three level struc- 
ture; a continuing evaluation process, a set of learned constructs and a set of highly stable person- 
ality dimensions. The motivated response, in working situations, is considered as a series of discrete 
behaviour choices; the dynamics of the behavioural response can be established from the information 
processing and learning processes within a feedback connected model. 


THE STUDY of people in working situations 
and of the relationships between task charac- 
teristics and workers’ responses to social and 
organisational pressures forms one of the main 


areas of current research. The belief that work 
can and should be structured to provide satis- 


faction as well as performance has become a — 


major theme in both experiment and manage- 
ment thinking over the last two decades. 

In much of the recent work there may be 
an element of over-reaction to the earlier 
mechanistic ‘Tayloristic’ approaches to the 
design and management of jobs [28]. 

Judged by criteria of replication, diffusion of 
successful experiments within organisations, 
widespread application and permanence of 
results, research to date generally falls well 
short of the standard required for the design 
of practical motivational and work design pro- 
grams. Current evidence relating motivation to 
performance and satisfaction in work situ- 
ations is widespread yet often inconclusive or 
contradictory [9, 21, 33,36]. Despite the level 
of interest and amount of research, there is sur- 
prisingly little hard evidence for convincing 
working groups and managements of the exist- 
ence of sound theoretical models of the deter- 
minants of work behaviour which can be used 
to re-structure work leading to predictable and 
stable improvements in desired performance, 
satisfaction and quality of working life. 
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Work motivation concerns the process by 
which choices are made by individual subjects, 
as they satisfy currently perceived needs, from 
the forms of activity which are made available 
within the social, technical and organisational 
environment of the work situation. 

“A theory of motivation should be able to 
determine why some outcomes are sought and 
the factors that influence how they are sought” 
Lawler [20]. 

‘Blanket’ theories ignoring the subjects’ indi- 
vidual differences and the interactions between 
them and their environments are likely to be 
of little operational utility. 

Sound theoretical models defining the fac- 
tors and interactions which determine workers’ 
responses to the structure of working situations 
are a necessary foundation for the design of 
experimental studies of human performance 
and, for the development of effective prescrip- 
tive change programs seeking to improve both 
performance and satisfaction by the redesign- 
ing of jobs. 


TIME RESPONSE 
MOTIVATION DYNAMICS 


For most people work is a continuing ac- 
tivity and an understanding of the patterns of 
motivational response over time must form a 
key element of any satisfactory motivational 





298 


theory. The dynamics of learning and extinc- 
tion were extensively studied during the devel- 
opment of drive and reinforcement theories 
[19,37]. Although Lawler [20] and Dachler & 
Mobley [10] have proposed models including 
feedback loops and learning there appears to 
have been little interest in the dynamics of 
motivation and experimental evidence relating 
to the variations of motivational responses 
over time is rare. If the motivational process 
in working situations involves learning and 
feedback processes, cross sectional studies will 
provide only limited information on the struc- 
ture and parameters of any model. Longitudi- 
nal studies, which are not attractive to many 
investigators, can provide much more under- 
standing of the structures. The study of the 
variation of task characteristics with tenure 
and job history prior to change, carried out 
by Katz [17], showed clearly defined patterns 
of change in the subjects’ responses to the in- 
strument. Ivancevitch [16] has reported long 
term (18 months) growth and decay of per- 
formance changes following re-structuring of 
the working situation, and, in an examination 
of the basic postulates of expectancy theory, 
Mawhinney and Behling [23] hypothesised 
time responses for expectancy and operant 
models. Thiéetart [34] has also proposed a 
model based on the Industrial Dynamics type 
of simulation. Such papers, however, form a 
very small fraction of reported studies and yet 
omitting the time responses from an essentially 
continuing process will reduce the value of 


studies and lead to problems of replication, low | 


predictive power and applicability. 


REQUIREMENTS OF MODELS 
OF MOTIVATED WORK 
BEHAVIOUR 


The basic requirements of any model of 
motivated work behaviour are: 


A. The model must explain: 


(1) The response of individuals and the vari- 
ations in responses between individuals 
which arise from their previous work his- 
tories and differing personal characteristics. 


(2) The effects on the responses of both indivi- 
duals and working groups of the social and 
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cultural environment within which the 


working situation is located. 


(3) The relationships governing the variation in 
responses over time; the dynamics of both 
short and long term work behaviour. 


B. The following structural requirements must 
be satisfied: 


(1) The model must be constructed from 
clearly defined elements which can be de- 
scribed uniquely, measured quantitatively 
or defined from quantitative input-output 
relationships or transfer functions. 


(2) The elements must be connected in a logi- 
cal structure with regard to the flows, pro- 
cessing and storage of internal and external 


information relating to the motivational 
system. 


(3) The elements used in the model must incor- 
porate known data on human perception 
and information processing. 


STRUCTURE OF PROPOSED 
MODEL 


The response to motivational stimulii in 
working situations is determined by a three 
level process. Each level is characterised by the 
type of information process involved and the 
time stability of the information storage. 


Postulate I 


(a) Motivated behaviour in working situations 
is a continuing series of discrete consecutive 
action choices. 


(b) The subject’s immediate actions are deter- 
mined by a continuing series of short term 
evaluations of his perception of the situ- 
ation. 


(c) The information used in this evaluation 
process is held in short term memory which 
is of limited capacity. 


Postulate II 


(a) The information employed in the continu- 
ing evaluation process is selected from a set 
of Learned Constructs held in long term 
memory. 
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Fic. 1. Cognitive processes in work motivation. 


(b) The set of Learned Constructs is much 
larger than the sub-set used in any single 
or short term series of evaluations. 


(c) The Learned Constructs are relatively 
stable. 


(d) These constructs are modified by feedback 
from experienced outcomes. 


(e) The learning process will be limited by sig- 
nal detection thresholds and interference 
from other concurrently perceived informa- 
tion. 





'In the development of theories of motivation, some of 
the sets of learned constructs have been classified as expec- 
tancies, instrumentalities and valencies. There are many 
variations of definition and operationalisation of these 
terms (See Discussion (9)). 

The following definitions of these classes of constructs 
are implied in this study and provide links for comparison 
with alternative theories. Expectancy: The subject’s current 
set of subjective probabilities representing his perceptions 
and beliefs of the relationships between events: 


Actions—Outcomes 
Levels of performance—Outcomes 


E = 0: no relationship. 
E = 1: complete dependency, certainty. 


Instrumentailty: The subject’s current perceived set of 
beliefs in the relationships between different contingent 
outcomes: 


I = 0: no relationship. 
I = 1: complete dependence. 


Valency: The subject’s current perception of the value or 
utility of a specific outcome: 


V = -—I: highly 
avoidance behaviour. 

V = 1: indifference. 

V = +1: highly attractive outcome—maximum seeking 
behaviour. 


unattractive outcome—maximum 


The weighted potential attraction for outcome is 


OME 7/4—c 


(f) The learning process may follow the 
exponential form or may be of a dichoto- 
mous, switching, form. 


(g) In the absence of feedback the information 
held in the set of Learned Constructs will 
decay by forgetting. The forgetting may be 
progressive for exponentially learned con- 
structs; dichotomous constructs may switch 
back to the initial state. 


Postulate III 


(a) Each individual subject has a characteristic 
set of highly stable constructs, needs or 
drives, his ‘personality’, traits. 


(b) These personality factors are highly stable 
and, under normal working conditions, 
changes as the result of learning are very 
small. High stress or traumatic experiences 
may induce significant changes. 


(c) The Set of Stable Constructs will determine 
initial values of the Learned Constructs. 


(d) They exercise a strong influence on the 
learning, forgetting and selective perception 
of the set of Learned Constructs. 


Postulate IV 


Internal motivation occurs when the subject 
modifies his set of learned constructs, expec- 
tations, instrumentalities, valencies,’ by direct 
comparison between expected outcomes and ex- 
perienced outcomes in a single evaluation cycle. 


Postulate V 


External motivation occurs when the subject 
updates his set of learned constructs by re- 
evaluation of the state that led to the motivated 
action choice. 
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BASIC MODEL 


The process of response to a motivational 
stimulus is that the subject evaluates his per- 
ception of the situation by a valency expect- 
ancy process [35] in his short term memory. 
The perceptions, expectancies and valencies 
employed in this evaluation are selected from 
the current set of learned constructs held in 
his long term memory. The combination and 
summative approach of the valency-expectancy 
model offers the simplest paradigm for combin- 
ing the subject’s perception of the probabilities 
and attractive or unattractive valencies of poss- 
ible outcomes of his action into a nett decision 
and choice of action. 

The model differs from current Valency Ex- 
pectancy (VIE) formulations in the output from 
the evaluation or decision-making process. The 
normal construct [20] is effort which moder- 
ated by ability and limited by organisational 
constraints leads to work outcomes. 

It should be noted that ‘effort’ is used in 
many studies of work motivation yet there 
appears to be no agreement on satisfactory 
operational definitions in the studies surveyed. 


(I) 
\ 


\ 


“It is in the measurement of effort in situ where we are 

really hurting and it would be well worth our while to 

start an in-depth look at the meaning and measurement 

of just this variable”. Campbell & Pritchard [9, 11]. 

The construct ‘effort’ tends to imply a con- 
tinuous ‘straining for performance’. This may 
apply in sporting situations but rarely applies 
in normal repetitive production jobs. Outputs 
from the evaluation of a motivational situation 
can be: [19]. 


@ Choice of behaviour pattern, from avail- 
able alternatives 

@ Force of behaviour 

@ Persistence of behaviour 


Detailed studies of workers carrying out re- 
petitive tasks [6], show that the distribution 
of job cycle times changes from a slow broad 
spread to a more rapid ‘normal’ spread as they 
learn the job. With further experience the 
modal values tend to stabilise at a highly con- 
sistent ‘natural’ pace interspersed with long 
cycles which reduce the mean performance to 
the local norms or ‘felt fair’ pace. 

Thus for the experienced worker his per- 
formance is determined by a continuing series 
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Fic. 2. The basic motivational model. 
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Fic. 3. Distribution of worker performance in repetitive work. 


of choices of behaviour; on completion of one 
job element he can immediately select the next 
work related activity leading to high perform- 
ance in the work task, or he can select a non- 
work activity which is more attractive to his 
current needs state and then subsequently 
return to another work activity. This leads to 
lower work performance but possibly higher 
satisfaction. 

“Motivation is concerned with the reasons 
for the choice of one act or behaviour when 
provided with alternatives” Zedeck [38]. 

Objective measurements based on quantita- 
tive work outputs represent the integration of 
a long series of discrete decisions—to produce 
or, to do something else each time a choice 
becomes available. 

A second major difference between the pro- 
posed model and the Porter-Lawler [20] type 
of model is in the nature of the feedback 
process. It is postulated that the subject, when 
evaluating his choice of behaviour, remembers 
the results of his evaluation in short term 
memory. If the technical situation is such that 
he can experience the outcomes (0) whilst the 
expected outcomes (0,) leading to the actions 
are still remembered he can make a direct com- 
parison between expectation and outcome 
(0; — 0). This direct comparison and updating 
of the learned constructs leads to the most 
effective form of learning: 


@ Internal—Motivation 
@ Intrinsic-Motivation 


If the technology of the situation results in 
delays between the action decision and the 
observable outcomes, the subject will no longer 
be able to make a direct comparison as the 
particular state of the set of constructs used 
will be lost from short term memory. The only 
process for updating the set of learned con- 
structs is, when the outcomes are perceived, to 
make a re-evaluation of the situation leading 
to the action and compare this with the per- 
ceived outcome: 


@ External—Motivation 
@ Extrinsic—Motivation 


There are two distinct form of change poss- 
ible for learned constructs, the subject’s set of 
beliefs, perceptions, probabilities and values 
relating to work. The characteristics of the 
change process offer a basis of classification 
into scalar or dichotomous sets. In the first set 
the state of a specific construct can exist over 
a range of levels and, over time, the current 
value changes progressively in response to the 
subject’s perception of relevant feedback 
information. Such scalar constructs include 
probabilities of action, performance, outcome 
relationships and valencies of goals. 

Other constructs may only exist in a zero 
or total state—binary or dichotomous con- 
structs. These are characterised by time stabi- 
lity in either of the binary states, but from time 
to time may switch completely and rapidly to 
the alternative state. 





302 


For the scalar constructs on each repetition 
of the motivational situation the feedback may 
be zero—the perceived outcome was exactly as 
expected from the evaluation and the value of 
the construct remains unchanged. If the out- 
come differs from the expectation the feedback, 
subject to channel capacity, interfering infor- 
mation and discrimination thresholds, will lead 
to modification of the construct value, a nor- 
mal exponential learning process. 

For other constructs which exist only in a 
binary state, repeated experiences may confirm 
the zero or unity value or may lead to an 
abrupt, switching, change to the alternative 
value. 

In the absence of feedback the values of sca- 
lar constructs may change due to forgetting, 
whilst the binary type are more likely to 
remain stable over long periods before switch- 
ing back to the initial state. 

The model is essentially one of within sub- 
ject motivation and any study involves tapping 
the stage of the subject’s set of learned con- 
structs. 

If, in his goal seeking behaviour, the subject 
is to remain in control of the situation, the 
Principle of Requisite Variety [4], states that 
the variety of strategies available to the con- 
trolling subject must at least equal the variety 
present in the situation to be controlled. This 
does not necessarily imply the very large lists 
of drives, traits or constructs proposed in 
earlier drive theories as combinations of a 
limited number of scalar constructs (constructs 
to which the subject assigns levels) can gener- 
ate large numbers of evaluation responses. 
Thus five constructs each of which can be 
assigned three levels leads to 29,160 possible 
alternatives if the evaluations are sequence 

_ dependent or 243 combinations if the evalu- 
ations are sequence independent. Similarly the 
possibilities resulting from evaluation of three 
from a set of 20, three level, constructs leads 
to 184,680 sequence dependent alternatives or 
30,780 if the nett result were sequence indepen- 
dant as with purely multiplicative or additive 
combination in the final weightings. 

It is postulated in this model that the pat- 
terns observed in individual differences of re- 
sponse to motivational stimuli, are determined 
by constructs or individual personality factors 
which are operationally explicit and can be 
measured by independent reliable instruments. 
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Over the years very many individual traits 
and drives have been proposed. In the interests 
of economy the model employs four person- 
ality factors which have reasonably clear re- 
lationships with the perceptions employed in 
the proposed evaluation process and which 
have experimental support as influencing indi- 
vidual subjects responses in work situations. 


Self Esteem: Behaviour—performance expec- 
tancies [13, 19, 20, 29]. 
Internal/ 
External: Performance—outcome probabili- 
ties [3, 30] 
Achievement 
Needs: Valencies of outcomes [20, 25, 27, 
37] 
Affiliation 
Needs: Valencies of outcomes [19, 20, 
26] 


The main feature of this set of factors acting 
through the set of learned constructs as moder- 
ators of the motivated responses are: 


@ They are characteristic to each individual. 
@ They are highly stable and, other than in 
high stress situations, are unaffected by learn- 


‘ing or forgetting processes. 


@ They provide an independent method of 


classifying broad response patterns for indivi- 
duals. 


Further research may lead to modification 
of the proposed set or to redefinition of specific 
constructs. The case for retention of them in 
the proposed model is: 


(1) They provide a link with current theories 
and research. 


(2) As a set of classifying factors in the design 
and control of experiments. 


(3) As the basis of taxonomies in developing 
field research and prescriptive application 
in management and work design programs. 


The operation of the stable constructs with 
the information processing structure in indivi- 
dual subjects still remains speculative. The fol- 
lowing processes are offered as basic hypoth- 


eses. The stable set of ‘personal’ constructs act 
as: 


1. Determinants of initial values of the learned 
constructs held in long term memory until 
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they are modified by experienced learning 
from the subject’s perception of the out- 
comes resulting from his actions. 


. Filters in the feedback path leading to selec- 
tive perception of the outcomes and selective 
learning. 


. Structural parameters determining the learn- 
ing process is in long term memory [7]. 
These may be selective registers in a Broad- 
bent model or facilitators, selected routing 
in the rehearsal stages of an Atkinson—Schif- 
ferin cyclic selection and storage model. 


4. Determinants of rehearsal cycling in evaluat- 
ing the anticipated outcomes of possible 
actions leading to an initial goal seeking set 
of behaviours for highly salient goals. Main- 
tenance of the selected strategies by re- 
cycling until experienced feedback cues 
enable the subject to refine his goals and 
strategies. 


5. Stable constructs as a standby enabling the 
subject to maintain perceived control of a 
situation in the event of overloading of his 
information channels or, experiencing too 
high a level of inconsistency or delay in the 
feedback data to allow analysis and up-dat- 
ing of the set of learned constructs. 


When cues are congruent subjects use all the 
cues available; when they are in conflict sub- 
jects focus on one at a time, or select from 
an alternative set of other cues [31, 32]. 


THE DYNAMICS OF 
MOTIVATED RESPONSE 


Most working situations continue over long 
periods of time within which change can occur. 
Theories of work motivation must explain the 
subject’s short, medium and long term changes 
in behaviour pattern in response to both stable 
and changing work conditions as he reacts to 
stimuli from both work and non-work environ- 
ments and experienced changes in his personal 
needs and goals. The model offers a structure 
of information flow, feedback, learning.and for- 
getting processes as a framework for the analy- 


sis of dynamic response characteristics. 


A subject approaches a new work situation 
with a set of constructs determined by his prior 
work and non-work experiences and his indivi- 
dual set of stable constructs. Once he has made 
decisions and adopted certain courses of action 
he can then obtain feedback from his personal 
experience of the work itself, from other people 
and organisational agents [14] to up-date the 
constructs used in his evaluation and selection 
of courses of action. The dynamics of this 
learning are determined by four main charac- 
teristics related to each subject-work situation: 


1. The Feedback Loop Cycle Time. The total 
time to evaluate, act according to the evalu- 
ation, experience the outcomes and up-date 
the set of constructs ready for the next evalu- 
ation; these times may be short, within the 
span of short term memory, medium or long 
exceeding the short term memory span. 


. The Time Constants of learning and forget- 
ting or decay. The concept of a time constant 
applies strictly only to constructs exhibiting 
an exponential form of incremental learning 
and forgetting [7]. There is considerable 
evidence that the exponential relationship 
between learned performance and time for 
both perceptual and manipulative skills 
provides an accurate description of human 
performance in work situations [6] and, as 
the response of a first order control system, 
is linked directly to the behaviour of feed- 
back systems. 


.The Behaviour Increment for each cyclic 
repetition of his evaluation, outcome updat- 
ing loop. Increments can be classified as 
small—many increments required to reach 
the saturation level of the response, inter- 
mediate and large—a high proportion of the 
saturation level, the whole response in the 
limit for a switching form of response. 


4.The Saturation Levels. The maximum 
amount of behavioural change related to a 
specific construct in a given subject. 


The response characteristics of the model 
can be derived from the properties of feedback 
control systems. 


In considering the time response to motiva- 
tion in working situations three main charac- 
teristic patterns may be expected. 





Walbank—An Integrating Model of Motivated Work Behaviour 


TABLE |. 





Time constant 
Learning Forgetting 


Loop cycle 
time 


Saturation 
level 


Behavioural 
increment 


Response 
type 





Short 
Short 
Long 


Short 
Short 
Short 


Long 
Long 
Medium 


Small 
Large 
Large 


High A 
Low B 
High C 





The overall response of a subject can be built 
up from the combination of the responses of 
each of the set of constructs he uses in making 
his individual decisions in the working situ- 
ation. (Curve D). 

Simulation of the model allows the investiga- 
tion of the response of the whole model when 
the changes in levels, of a number of constructs 
with differing time constants, multiple action 
choices and delays in feedback are too complex 
for simple intuitive evaluation. 


RELATIONSHIPS WITH OTHER 
THEORIES 


The proposed model is a general model of 
human behaviour in working situations. The 
underlying assumption is that each subject 
evaluates and responds to the work and en- 
vironmental situation in an internally rational 
and logical manner when judged by his current 


(response) 
b Rij) 


saturation 


o 





needs and perceptions of the situation. If this 
were not so, there would be little hope of un- 
derstanding behaviour. “Since a man’s actions 
are guided largely by his own perception and 
evaluation of the situation, any incentive or 
disincentive must be perceived by him as such 
in order for it to have its fullest and most 
appropriate effect. A man’s maximisation of in- 
terests over time is always with respect to the 
situation as he perceives or processes it”, [24]. 
Motivation, the label for the determinants of 
goal seeking behaviour, choice, force and per- 
sistence, must accept that the range of goals 
sought extends far beyond those of simple 
economic man. 

As a general model it has features in com- 
mon with many other models and theories and 
shows considerable utility in the examination 
and analysis of experimental evidence relating 
to them. At the stable construct level there is 
an implied acceptance of a substantive or con- 
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Fic. 4. Basic forms of motivational responses. 
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tent basis. The level of learned constructs has 
strong links with the ‘Hullian’ process and the 
operant conditioning models. The evaluation 
process follows the cognitive process approach 
using the expectancy—valency concepts. 

In examining other theories within this 
framework, four features of the proposed 
model should be considered: 


1. All the features of the model can contribute 
to the magnitude and dynamics of the sub- 
ject’s response to motivational factors in a 
continuing work situation. Any simpler 
model structure may show high correlations 
if all the other factors can be adequately con- 
trolled during observations or experiments 
but can only be expected to explain a small 
part of the total observed variai:ce in studies 
of ongoing work. 


2. The model is essentially one of a within sub- 
ject analysis. His response depends on his 
current set of learned constructs which are 
determined by his set of stable constructs, 
his previous learning experience, and the 
subset he perceives as relevant in his evalu- 
ation processes. Though clustering of re- 
sponse patterns may be observed and used 
as a basis for classifying subjects and for ex- 
perimental controls, the possible variety is 
very large and the predictive efficiency of 
such group, common factor based data will 
tend to be low unless the classification has 
a complexity matching the possible variety. 


3. The model is dynamic in nature, postulating 
that subjects make a continuing series of 
sub-goal decisions in their response routes 
towards their major goals and that during 
this process both the set and values of the 
constructs used continually change through 
learning and forgetting. Thus any«measure- 
ment will only reflect the state of the subject 
at the time of the measurement. Stability can 
only be attained when the subject’s response 
variety matches that of the work and its en- 
vironment and that environment is stable. In 
many work situations the complexity and 
multiple character of causal interactions 
inevitably lead to turbulent fields [12] and 
placid stability is unlikely. 


. Self report judgements of satisfaction depend 
on the subject’s ability to integrate the con- 
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tinuing series of perceptions fed back from 
the outcomes of his activities and relate them 
to the motivational states that led to his 
actions rather than relying on a few salient 
incidents. 


The proposed model offers a useful frame- 
work for the examination of the many theories 
of motivation and of experimental evidence of 
both successful and unsuccessful replications. 
In particular, the model extends the valency- 
expectancy paradigm [10,20,29,35] in the 
evaluation process but differs from some recent 
formulations [20] in returning to Vroom’s 
‘choice’ rather than ‘effort’ by using discrete 
action choices rather than a ‘pervasive effort’ 
and, in considering the nature of the informa- 
tion flows and the feedback of experience from 
the work outcomes. 

The cyclic nature of the model, a sequence 
of discrete behavioural choices, the result of 
evaluation of a limited selection from a sub- 
ject’s current construct set relaxes the require- 
ment for strict transitivity in expectancy theory 
[5]. Intransitivities may reduce the effective- 
ness of the learning processes but have little 
effect on the long term responses. 

Needs theories [2,22], Goal Seeking [21], 
Two-Factor [15], Achievement motivation 
[24,25], Equity Theories [1] and Operant 
Conditioning [11] can all be matched with 
parts of the proposed model. In each case the 
match is only partial and the remainder of the 
model provides a framework for analysis of the 
problems of testing, replication and appli- 
cation. 


RESEARCH ON WORK 
MOTIVATION 


The proposed model implies that work moti- 
vation is essentially a goal seeking form of be- 
haviour. The goals and routes for their achieve- 
ment are specific to each individual subject and 
working situation. There is an underlying 
assumption that this behaviour is rational in 
the light of the subject’s current construct set, 
which, however, may appear irrational to an 
outside observer. 

Performance is the aggregate result of a con- 
tinuing series of action choices and can be 
determined objectively if the task output can 
be quantified and recorded. 
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Fic. 5. Research methods for motivational systems. 


Satisfaction results from state of congruence 
between his set of work related constructs and 
his stable personality constructs and cannot be 
measured directly. Satisfaction may be inferred 
from the subject’s externally observable behav- 
iours, quality, absenteeism, withdrawal, or by 
the use of self reports which are subject to the 
limitations of information processes. 

The proposed system model centering on the 
flow of information in an individual’s decision- 
making process provides a conceptual frame- 
work for the study of motivation. 

One route is to measure the subject’s stable 
personality constructs by psychometric 
measurements (P). Such measurements linked 
to a process theory can then be correlated with 
observed actions or subject’s self reports. This 
approach omits the problems of determining 
the subject’s learned constructs and thus may 
confirm general motivating factors but only 
explain a small part of the observed inter-sub- 
ject variances. 

Personal Construct theory [18] is attractive 
as a non-transparent technique for tapping the 
subject’s current set of learned constructs 
[PC]. The problems of selection and weighting 
of the limited set employed in making each 
successive action decision is a source of vari- 
ance in relating the measured constructs to the 
subject’s work behaviour. 

Traditional questionnaires tap the subject’s 
evaluation of factors relating to his work be- 
haviour (Q). An evaluation carried out in 
answering a question is, however, a conscious 


activity and the subject may use different con- 
structs and different weightings to those in his 
limited set used in the ‘sub-conscious’ decision- 
making inherent in many continuing work situ- 
ations. 

The alternative to these approaches is to 
measure the information flow within the moti- 
vational system. The results of Herold & 
Greller’s study [14] of what information sub- 
jects use in finding out how well they are doing 
in their jobs (F) provides factorial evidence for 
the subject’s classification of feedback cues 
which are consistent with the structure of the 
proposed model. This, essentially question- 
naire, methodology can be criticised as the pro- 
cess of thinking about feedback may be differ- 
ent to that of using feedback. More detailed 
observation of the actual cues available to 
workers during their work, the response to 
them and their perception of the use of these 
feedback cues may well lead to an increased 
insight into the parameters of the work moti- 
vated process. 

An alternative approach adopted by Zedeck 
[38] is to present the subject with a series of 
decisions on combinations of varying levels of 
a number of working conditions and outcomes 
(DA). The series of decisions made by the sub- 
ject on the attractiveness or otherwise of the 
overall task can by analysed by cluster analysis 
leading to measurement of the weightings used 
on each of the factors and thus leading to iden- 
tification of relatively homogeneous  sub- 
groups. This study showed significant differ- 
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ences between subjective and objective weight- 
ings particularly on pay and security for some 
groups of subjects. As the study was directed 
at “would you like this job?” rather than “will 
you make another piece now, or would you 
rather take it easy and talk to Joe for a min- 
ute?”. The study of choice of alternative activi- 
ties within a job would appear to be a logical 
development of this methodology. 

From the diagram it can be seen that current 
research approaches the study of the motiva- 
tional system from many directions. Each 
approach however, looks at only a small part 
of the overall process. To date, despite the 
large effort in the field, the predictive success 
of these studies is limited. 

Further advance would appear to depend on 
two factors: 


1. A system can be specified by sets of transfer 
functions or operational rules for the indivi- 
dual elements and by information flows 
between the elements. Combination of 
measurements of states of the sets of stable 
and learned constructs with observation of 
the information flow in action choice deci- 
sion making and of the form and use of feed- 
back information from the task outcomes 
can provide the next step in increasing our 
understanding of how people react to work. 


. The motivational response is dynamic. Evi- 
dence from industrial engineering studies 
and longitudinal surveys or experiments in- 
dicates that a time function of 6-18 months 
duration is characteristic of worker’s re- 
sponse to changes in motivational conditions 
over a wide range of situations. 


Any thorough study of work motivation 
must extend over similar periods as correla- 
tions based on the relative states of factors at 
a given ‘instant’ in time when these factors may 
be changing at differing rates will be transient 
and may give little information about the un- 
derlying processes or future states. 

Further development of sound quantitative 
theories of work motivation can only be 
expected from the adoption of comprehensive 
dynamic system models of the motivational 
process quantified by long term longitudinal 
studies of individuals and groups of workers. 
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In this paper, an attempt is made to illustrate and validate some predictions of the ‘hypergame’ 
model of decision-making, a generalisation of the conventional game model as first described 
by von Neumann and Morgenstern. The hypergame concept, which can take players’ differing 
perceptions, misperceptions and information conditions into account, is formally defined and two 
simple criteria of stability and choice are given. The core of the article consists of a case study 
involving decision-making under misperceptions. One result of the analysis is to show that decisions 
which at first sight appear ‘stupid’ and remain ‘irrational’ in a conventional game model, are 
indeed ‘rational’ if the players’ perceptual limitations and their differing information conditions 
are considered. The conclusion is that the hypergame can be a useful extension of the traditional 
theory of games, and as such is one step on the way toward conceptually more complex and 


‘realistic’ model building. 


INTRODUCTION 


ONE OF THE major advances in mathematical 
decision-theory was the Theory of Games as 
first presented by von Neumann and Morgen- 
stern [18]. This dropped some of the assump- 
tions of the then prevailing economic theory, 
and instead considered decisions made by com- 
peting and cooperating individuals with logical 
rigour. However, the axioms which made this 
rigour possible sometimes appear too stringent 
and the models are thus not always relevant 
to ‘real world’ decisions. Perhaps it was the 
emphasis on the solvable model which some- 
times conflicted with the original purpose of 
the theory, to give explanation and guidance 
in complex decision problems. 

One of the assumptions of a traditional 
game model is that of the ‘well informed 
player’, who knows the full range of his own 
and his opponents’ strategies and preferences 
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or utilities, and has the same tools and abilities 
of analysis. It is quite obvious that in many 
decision problems such complete information 
of all players cannot be assumed. This led to 
the introduction of the hypergame model 
which relaxes the assumption of complete in- 
formation, and instead relies on players’ per- 
ceptions as the basis for analysis. The hyper- 
game model is by no means the first or the 
only step in this direction, other writers have 
explored a number of ways of extending game 
theory (notably [10]). An advantage of the 
hypergame seems to be that it is a compara- 
tively straightforward generalisation of the tra- 
ditional model, and that traditional choice and 
stability criteria can be applied with only 
minor modifications. 

The following case study is intended to be 
an example of the application of the hyper- 
game model to a decision problem, albeit a 
retrospective application. It is thus an element 
in a series of studies carried out to validate, 
or at least show the range of applicability of 
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the hypergame model. Another study in the 
context of military decision-making has 
already been presented [4], and in cooperation 
with a major company the model is currently 
used to examine the difficulties presently ex- 
perienced by the shipping industry [11]. 

In addition to the features already exhibited 
in other case studies, the hypergame model 
presented here high-lights the importance of 
cross-game information, an issue arising from 
the perceptual framework employed. It seems 
that in a large number of conflict problems the 
parties’ ignorance or knowledge about each 
others’ differing perceptions can be decisive, 
and thus certainly needs to be incorporated 
into a model of conflict situations under condi- 
tions of incomplete information. 


THE THEORY OF HYPERGAMES 


The formal definition of a hypergame in its 
most general form and of the stability and 
choice criteria which will be used in this case 
study is based largely on that given in [1]. 
Since the following is an application of hyper- 
games and does not present any further devel- 
opments of the formal theory, it was con- 
sidered sufficient to give the definition of a 
hypergame and the criteria in a more informal 
fashion. It was also assumed that the reader 
would be familiar with at least some of the 
game-theoretic concepts explained in most 
standard textbooks (e.g. [13]). 

The hypergame can be considered as a stack 
of games, one for each player’s perception of 
the situation. More formally, an n-person 
hypergame in normal form consists of, 


(1) a set of n players; 
(2) for each player, n sets of strategies, i.e. those 


strategies that he perceives each player— 
including himself—to have; 


(3) for each player, n preference orderings over 
the set of outcomes generated by the above 
strategies, expressing the preferences he per- 
ceives himself and the other players to have. 


An outcome of the hypergame is reached 
when each player chooses one of the strategies 
he perceives himself to have. Since players’ per- 
ceptions of the available strategies may be dif- 
ferent, it is possible that an outcome of the 
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hypergame does not appear in a given player’s 
game, thus introducing the possibility of a stra- 
tegic surprise. 

Naturally, each player makes his choice in 
full knowledge of his ‘own’ game, and in such 
a way as to obtain an outcome as highly pre- 
ferred by him as possible; however, various 
possibilities of cross-game information arise. 
The first is that of completely restricted infor- 
mation. That is, no player has any knowledge 
about his opponents’ differing perceptions, so 
that each sees only his ‘own’ game. The oppo- 
site of this is a hypergame with complete cross- 
game information in which all players know 
each others’ games. Between these two 
extremes lie hypergames with partially restric- 
ted information in which some (but not all) 
players have knowledge of at least one of their 
opponents’ games. These information condi- 
tions are of considerable importance when 
hypergame stability is considered. The case 
study which follows shows that this is particu- 
larly so if stability criteria are employed as 
criteria of choice. 

The numerous ways in which differences in 
players’ perceptions may arise are examined in 
more detail in [2], but it seems worth mention- 
ing here that they can be divided into two cate- 
gories. The first includes all disagreements 
about the sets of strategies available, i.e. 
whether certain strategies are physically pos- 
sible or permissible, or when the limitations 
of the mental resources of some players prevent 
them from examining all possible strategies. 
The second category comprises disagreements 
about preference orderings. These may happen 
through a misperception of a player’s value 
system or through disagreement about the fac- 
tual aspects of the case, i.e. the real physical 
consequences of a formal outcome. It should 
be noted that misperceptions can also be 
divided into ones which are accidental and 
those which are deliberately induced. (On the 
subject of deception in terms of conventional 
2 x 2 games see [7]). 


STABILITY AND CHOICE IN 
HYPERGAMES 


Here, stability and choice criteria will be 
considered only in the context of 2-person 
hypergames. However, the extension to more 
players seems straightforward. Mainly because 
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of their simplicity, only two criteria of choice 
and two stability criteria will be defined, 
although others could equally well be adapted 
to hypergames. Before going into any detailed 
explanations it should be pointed out that 
according to these particular criteria only out- 
comes appearing in both players’ games are 
considered to be possible stable outcomes of 
the hypergame. 

The first criterion to be considered is that 
of a-stability which defines an outcome as 
stable if no ‘unilateral improvements’ are poss- 
ible. This is an extension of the game-theoretic 
concept of an equilibrium outcome [15]. More 
formally this can be expressed as: 


(1) An outcome is «-optimal for a player if and 
only if he cannot obtain a*more preferred 
outcome by changing his strategy choice, 
while the other’s choice is held constant; 


(2) An outcome is a-stable in the hypergame if 
and only if it is an a-optimal outcome for 
each player in his respective game. 


As a special case of this we introduce the 
notion of weak «-stability. For a player an 
a-optimal outcome is weakly a-optimal if there 
is an outcome obtainable by a ‘unilateral’ stra- 
tegy change (as described under condition (1)), 
ranked equal to it in the player’s preference 
ordering. An outcome of the hypergame is 
weakly a-stable if it is a-stable but only weakly 
a-optimal for one or both players. Due to the 
‘unilateral’ character of «-optimality, an out- 
come of the hypergame is «-stable regardless 
of the misperceptions the players might have 
about their opponent’s preferences. This is not 
the case for the second criterion, which is based 
on a different line of reasoning. Roughly speak- 
ing, an outcome is considered to be f-optimal 
by a player if a strategy change, followed by 
his opponent’s ‘best reply’, does not bring any 
improvement for the first player. Again, an out- 
come is stable in the hypergame if it is B-opti- 
mal for both players in their respective views. 
Since this criterion is dependent on one’s per- 
ception of the other player’s preferences, it is 
also dependent on cross-game information. 
The other’s ‘best reply’ can be evaluated in his 
game (if one has cross-game information), but 
it is necessarily evaluated in one’s own game 
(if one has restricted information). More for- 


mally this can be expressed as: 


(la) For a player with restricted information 
an outcome is f-optimal if and only if 
there is no outcome in his own game 
ranked higher in his own preference order- 
ing and a-optimal for the other player. 


(1b) For a player with cross-game informa- 
tion an outcome is f-optimal if and only 
if there is no outcome ranked higher in 
his own preference ordering and «-optimal 
for the other player in that player’s game. 


(2) An outcome is f-stable in the hyper- 
game (under the specified information 
conditions) if and only if it is B-optimal 
for each player in his respective game. 


As before, we introduce the idea of weak 
B-stability as a special case. An outcome, 
B-optimal for a player, is weakly so if there 
is an outcome as described in the appropriate 
criterion (1a) or (1b) ranked equal to it in the 
player’s preference ordering. A f-stable out- 
come is weakly f-stable in the hypergame if 
it is weakly £-optimal for one or both players. 

Without going into a detailed discussion of 
the notion of stability in general, let it suffice 
to say that it is considerably less ambitious 
than the concept of the ‘solution’ of a game, 
(cf. [18], especially p. 31). It does not impose 
a norm of ‘rational behaviour’ but simply 
states that stable outcomes, once reached, will 
persist as long as the players adhere to the line 
of reasoning given in the criterion. 

More normative in character is the idea of 
a criterion of choice. Here, we will make use 
of the well-known game-theoretic notion of a 
dominant strategy. A strategy for a given player 
is dominant if, whatever the other player’s stra- 
tegy choice is, choosing it yields an outcome 
at least as highly preferred as could have been 
obtained by choosing any other. A player may 
have several such strategies; however, we shall 
not meet any cases of this type here. This being 
so, we can simplify the formulation of our cri- 
teria considerably by assuming that no player 
has more than one dominant strategy. We can 
then define two criteria of choice—applicable 
both to games and hypergames. The first of 
these specifies that a player having a dominant 
strategy should choose it. The second criterion 
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states that a player who perceives the other 
to have a dominant strategy should assume 
that he will use it and choose the strategy that 
is his ‘best response’ to it. Clearly these two 
criteria will be compatible. Bearing in mind 
our previous comments about ‘solutions’ in 
games, it should be emphasised that we are 
not claiming that these axioms provide one 
with the ‘right answer’ even in misperception- 
free games where dominant strategies exist— 
the ‘Prisoner’s Dilemma’ being a case in point. 
Nevertheless, it is interesting to trace the appli- 
cation of the criteria to the cases we shall be 
dealing with. 


THE CASE HISTORY 


The following chapter will give the essential 
background for the hypergame analysis of one 
of the crucial decision situations in an incident 
which in the year 1954 nearly led to the bank- 
ruptcy of Aristotle Onassis, the Greek tanker 
fleet owner. Besides Onassis, the main parties 
involved in the controversy were Stavros Niar- 
chos, Onassis’ main competitor, ARAMCO, 
the American owned giant oil trading and re- 
fining company, and King Saud of Saudi 
Arabia. 

The details for this story were taken from 
several newspaper reports (mainly an article in 
the Sunday Times of October 9th 1977—here- 
after referred to as [ST]'), several accounts 
of the exploitation of oil resources in the Mid- 
die East [14,17] and a biography of Onassis 
[6]. While the historical accuracy and com- 
pleteness of some of our sources could be 
doubted, the main concern of this case study 
is with the interpretation of the available 
material. However, we think that our presen- 
tation is the most plausible of a number of 
‘ alternatives emerging from this set of (often 
confused and occasionally contradictory) 
accounts. 

The series of events of interest here began 
in the year 1953. By this time Aristotle Onassis 
had accumulated one of the world’s largest 
fortunes in shipping under contracts with all 
major American oil companies. But while these 
contracts. were highly profitable, they also 
made Onassis completely dependent on the 
‘good will’ of the American companies, a 
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dependency from which Onassis would rather 
have freed himself. He also knew that the oil 
producing countries were similarly dependent 
on the oil companies, in so far as they had 
given exploitation and transportation monopo- 
lies to companies such as ARAMCO or the 
British AIOC. Some years ago, in 1950, Persia 
had tried to become independent of the AIOC, 
with which it had such a contract, but the oil 
companies imposed a shipping embargo on 
Persian oil and she had no choice but to sign 
a new concession. This led Onassis to believe 
that a contract between an independent ship- 
owner, such as himself, and an oil producing 
country would not only solve his own problem 
but would also be appreciated from the pro- 
ducer’s side. 

With this im view, Onassis had allegedly 
approached several large oil producing coun- 
tries (Iran, Iraq, Venezuela and Kuwait accord- 
ing to [6, p. 90]), but his most promising candi- 
date was Saudi Arabia. This was then under 
the rule of King Saud, who derived huge 
revenues from a _ concession given to 
ARAMCO in 1933; but despite this, Saud was 
in constant financial crisis (mainly due to his 
rather excessive lifestyle), a fact which Onassis 
reckoned would make him more amenable to 
his plans. With this in mind he carefully 
approached him through a middleman, Spyri- 
don Catapodis. This led to the secret signing 
of a draft contract in December 1953, and the 
main agreement was signed by Saud, Onassis 
and Catapodis on January 20, 1954. In one 
source this contract is described as follows: 


“Onassis was to set up the Saudi Arabia Maritime Co. 
(SAMCO) to run the ships he put into trade. It would 
have its headquarters somewhere in Arabia. The Arabian 
government was to hold a controlling interest in the 
company and Onassis was to receive a substantial share 
of all profits made. When ARAMCO’s ships eventually 
retired, Onassis’ SAMCO tankers would take over, giv- 
ing him an eventual monopoly on the transportation 
of most of the oil produced in the world, a business 
manipulation that would have meant hundreds of mil- 
lions, if not billions of dollars of profit to Onassis over 
a relatively short period. 

One of the important stipulations of the contract was 
that the estimated 40 million tons of oil to be shipped 
each year was to be carried at a rate higher than the 
normal market price. In return, Onassis agreed to pay 
a royalty of 21 cents on each ton of oil to the govern- 
ment for the exclusive right to carry the oil”. 


[6, pp. 89, 90] 


Although the signing of the agreement was 
announced publicly, its exact terms were to be 
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held secret. After this successful start, Onassis 
and Saud were surprised and dismayed when, 
after having returned to his villa at the Cote 
d’Azur, Catapodis leaked information about 
the agreement to his friends and subsequently 
to newspapers (Onassis’ decision to include 
Catapodis in the deal and the latter’s leak of 
information can also be analysed in terms of 
hypergames and this was done in [9)). 
Obviously ARAMCO also took notice of these 
newspaper reports and, by exerting pressure on 
King Saud, forced him and Onassis into 
lengthy negotiations about modifications to the 
contract. After strong representations by 
ARAMCO and seven Western governments 
the contract was amended on April 7, 1954. 
It was promised that ARAMCO could keep 
a certain share of the transportation business 
and SAMCO would charge current market 
rates. But ARAMCO and the US Government 
were not satisfied. 


“Considerable pressure was brought on the Saudis 
through orthodox diplomatic channels. The U.S. Ambas- 
sador in Jidda, Edward Wadsworth, under direction 
from John Foster Dulles and the State Department, per- 
suaded King Saud to meet with ARAMCO and by 
August the King told Wadsworth that he wished ‘to get 
out from under’ the Onassis deal. There remained how- 
ever, the question of the Arab’s ‘amour propre’. The 
King had to be given a satisfactory pretext for breaking 
the agreement.” [ST] 


News about the contract between Onassis 
and Saud had also alarmed Stavros Niarchos, 
who had then hired a former CIA agent, 
Robert Maheu, and given him the task of un- 
dermining the deal. When Maheu heard about 
Saud’s admission that he would like to aban- 
don the deal, he set out to find the excuse 
which the King was looking for. It was 
Maheu’s luck that by this time Onassis and 
Catapodis were not on speaking terms any- 
more. Onassis blamed Catapodis for breaking 
the secrecy surrounding the contract and Cata- 
podis felt ‘cheated’ by the renegotiations 
between Onassis, Saud and ARAMCO in 
which he was not taking part. The animosity 
between Onassis and Catapodis led the latter 
to sign a statement for Maheu, alleging that 
an income tax exemption for Onassis’ company 
had been obtained by a scheme of bribes 
amounting to £500,000 and paid to high Saudi 
government officials. When Maheu presented 
this statement to King Saud, he was told that 
the King was personally grateful for the infor- 
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mation and had decided to ‘have done with 
Onassis’ [ST]. Immediately after this Saud in- 
vited Onassis for an audience to Riyadh, Saudi 
Arabia’s capital. 

At this time Saud and Onassis were still 
apparently trying to modify the contract to 
accommodate ARAMCO’s demands. Thus 
Onassis was completely taken by surprise when 
at the audience King Saud confronted him 
with Catapodis’ statement, demanding an 
answer to these charges and insisting that the 
contract should now be totally renegotiated. 
Onassis defended his position well, pointing 
out the weaknesses of Catapodis’ evidence (one 
of the most important pieces of evidence could 
not be produced since according to Catapodis 
it had been signed in vanishing ink) and 
refused to renegotiate the contract. He stated 
in a press conference in Monte Carlo that there 
was ‘no question of revising the whole agree- 
ment’ (The Times of Nov. 9, 1954). Straight 
away, Saud relayed this information to 
ARAMCO and suggested submitting the con- 
tract for arbitration. The case was placed 
before a Swiss judge on Feb. 23, 1955. The 
arbitration tribunal decided to invalidate the 
contract by denying the Saudi Arabian govern- 
ment the priority it had taken for granted. This 
was based on the consideration that, 


“Since ARAMCO's concession is a concession for the 
development of national wealth, which is contractual in 
character and not a public service concession, the rights 
and obligations of the concessionary company are in 
the nature of acquired rights...” 


[17, p. 62] 


The distinction between a ‘concession for the 
development of national wealth’ and a ‘public 
service concession’ is perhaps rather artificial 
and the true reasons for the judgement are 
probably spelt out more clearly in the follow- 
ing passage: 


“The granting state cannot compel the company to give 
the right of using these installations to any third parties 
who, by their intervention, can but disorganise the inter- 
national system of export and sale which ARAMCO has 


adopted... [17, p. 62] (our emphasis) 


This demonstrates well that by letting the 
contract go to arbitration, Saud effectively 
agreed to support ARAMCO?’s position of 
absolute dominance in the trade with Saudi 
Arabian oil, without giving the impression of 
breaking the agreement made with Onassis. 
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Saud had been given precisely the excuse which 
he had needed. The consequences of this deci- 
sion in court only began to dawn on Onassis 
some time later when he found that oil com- 
panies now refused to give him any charter 
contracts; Onassis stated later that, 


“I made one great mistake. I never thought that in our 
world emotions could override all business reason. For 
almost a year, I had reports that Saudi Aradia was look- 
ing for someone to provide it with a fleet to carry its 
surplus oil.... Finally, 1 became convinced that some- 
body was about to make the deal and rather than let 
it go to competitors I went for it myself. And landed 
in the biggest mess of my life.” 


[6, p. 95] 


For Onassis the boycott implied effectively a 
withdrawal of his credits, without which he 
could not operate his fleet. Driven to the edge 
of bankruptcy only the ‘lucky break’ of the 
Suez Crisis with its increased demand for 
tanker capacity saved Onassis from complete 
financial ruin. 


A HYPERGAME MODEL OF 
“ARISTOTLE’S FALLACY” 


Having obtained a general case history, our 
attention will now be focussed on the final 
decision before arbitration in which Onassis, 
confronted by Saud with Catapodis’ statement, 
refused to renegotiate the contract, thereby 
leading to submission to the arbitration tri- 
bunal and the subsequent ruling for 
ARAMCO. 

In 1954, as explained above, King Saud 
already had one main aim and that was to 
abandon the whole deal with Onassis. But this 
had to be accomplished without any great loss 
of ‘face’ or money. These conditions implied 
that either Onassis would have to agree to 
have the contract declared invalid or it would 
have to be invalidated by some other means, 
for example by a ‘respectable’ court ruling. It 
seemed unlikely that Onassis would be willing 
to ‘drop’ the contract on his own account. The 
huge financial benefit which Onassis stood to 
make from the deal, coupled with the advan- 
tage of becoming independent of the oil com- 
panies, gave him an incentive to stand by the 
contract—even if it had to be substantially 
revised. 


“Onassis continued to push for the deal’s acceptance 
because of a lag in the oil business and because the 
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other oil companies he was dealing with were not com- 
mitting themselves for long periods.... With the Saudi 
Arabian contract safely in his pocket, it appeared that 
Onassis had, in effect, defeated the oil companies.” 


(6, p. 91] 


For Saud and ARAMCO this meant that if 
the contract was to be invalidated at all, it 
would have to be against Onassis’ wishes. 

It was then that Robert Maheu went to 
Riyadh and offered King Saud Catapodis’ 
statement and accompanying pieces of evi- 
dence. But this evidence was rather weak, and 
since Catapodis was well known to be a fairly 
unreliable character, Onassis could have coun- 
tered these allegations convincingly. This ruled 
out simply relying on them as a justification 
for letting Onassis down and allowing the con- 
tract to be submitted for arbitration. 

This consideration led Saud (perhaps in- 
spired by Maheu) to form a slightly different 
plan. Although Catapodis’ evidence was weak, 
it was strong enough for Saud to justify rene- 
gotiations. Onassis, on the other hand, could 
be expected to deny Catapodis’ accusations 
and thus to refuse to renegotiate on these 
grounds. King Saud could then let the contract 
go to arbitration without any great loss of 
‘face’. He would not appear to betray Onassis 
but would simply draw the consequences from 
Onassis’ ‘inflexible and unreasonable’ behavy- 
iour. This reasoning is also shown in the fol- 
lowing quotation: 


“..., King Saud’s patience with the deal was nearly 
exhausted. He privately informed ARAMCO and the 
US embassy that if Onassis could be shown to refuse 
a reasonable renegotiation of the agreement he would 
gladly let it go to arbitration. This was exactly what 
they wanted to hear. Within two months the deal was 
effectively off.” [ST] 


It was clearly the crux of the matter that 
Onassis would be unable to see that his refusal 
to renegotiate, albeit for good reasons of his 
own, would lead to an opportunity for Saud 
to let the contract go to arbitration without 
damaging his reputation. 

This whole problem can now be formulated 
in terms of perceptual games, with the corre- 
sponding strategies and preference orderings. 
The range of options which Saud perceives for 
himself can be condensed into three possible 
Strategies: The first is referred to as the ‘soft’ 
strategy and implies that Saud would confront 
Onassis with Catapodis’ statement but be con- 





Omega, Vol. 7, No. 4 


tent with only minor modifications to the con- 
tract. In Saud’s second strategy, termed ‘hard’, 
he would insist on complete renegotiations of 
the contract. Finally, Saud’s third strategy, 
‘break’, implies that he does not honour the 
agreement and either allows ARAMCO to sub- 
mit the contract for arbitration or waits for 
Onassis to take action. In response, Saud sees 
Onassis as having two options. The first one 
is a ‘soft’ strategy requiring Onassis to give in 
to most of Sauds’ demands, while the second, 
his ‘hard’ strategy, entails his virtual refusal to 
renegotiate. 

Our sources indicate that it is unlikely that 
Onassis ever seriously considered the possibi- 
lity that Saud might break the contract unila- 
terally or give his consent to ARAMCO’s court 
actions; on two occasions in statements to the 
press (The Times of November 9, 1954 and of 
January 20, 1955) Onassis emphasised that he 
had (or at least he thought he had) ‘complete 
support’ from King Saud. Even after the con- 
tract had been submitted for arbitration, 
Onassis was still under the impression that 
Saud was on ‘his side’. This misperception was 
further supported by the fact that Onassis, 
Saud and ARAMCO were still negotiating 
minor changes apparently with the aim of try- 
ing to satisfy ARAMCO. Such negotiations 
were carried out even while the arbitration was 
going on and thus probably represented not 
only a ‘cover-up’ for King Saud, but also a 
safety mechanism for Saud and ARAMCO, in 
case the tribunal declared the deal to be legiti- 
mate. Apart from the missing ‘break’ strategy 
Onassis’ perception of his and Saud’s strategies 
coincides with the latter’s; Onassis, therefore, 
perceives a 2-person 2 x 2 game while Saud’s 
perceptual game has a 2 x 3 matrix. 

However, the most important differences 
between the two games are the expected factual 
consequences of the formal outcomes, and hence 
the preference orderings. This can be shown 
in form of a table such as Fig. 1. 

Using this table, and some assumptions 
about the players’ perceptions of their own and 
each others’ aims, it is not difficult to construct 
preference orderings for the outcomes of the 
two perceptual games. 

Let us look first at Onassis’ game. For him- 
self Onassis would clearly most prefer his own 
‘victory’ <h, s>, in which the contract only un- 
dergoes minor modifications. The compromise 
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outcomes <s, s) and <h, h> occupy middle pos- 
itions, and the ‘victory’ for Saud <s, h), is 
ranked lowest. Since in his opinion Saud is 
basically still willing to support the agreement 
but is trying to obtain more favourable terms 
(why else would he put such emphasis on Cata- 
podis’ poorly supported statement?), while he 
wants to minimise such changes, Onassis per- 
ceives Saud’s preferences as exactly opposed to 
his own. We thus have the game on the Left 
Hand Side of Fig. 2. 

But in fact Saud’s aims are not as Onassis 
sees them. They differ not only in that Saud 
has an ‘extra’ strategy (it could actually be 
shown that this would not influence Onassis’ 
strategy choice anyway), but also because he 
has different aims in mind and can see a way 
of reaching them that Onassis cannot see. Let 
us consider Saud’s game. Since he would like 
to see the contract invalidated with minimum 
fuss, his most preferred result is the <h,h) out- 
come, which in his opinion would lead to a 
court ruling against the contract. It would also 
avoid giving an impression of collaboration 
with ARAMCO, which would have damaged 
Saud’s business reputation considerably. Saud’s 
least preferred outcome is obviously Onassis’ 
‘victory’, <h, s>, though from his point of view 
the outcome <s, s) is only slightly better, since 
it does not satisfy his aim of abandoning the 
contract either. 

The intermediate positions in the ranking 
are occupied by the pair of equivalent out- 
comes (<s, b> and <h, b)), arising if Saud uses 
his ‘break’ strategy (Onassis’ choice in this case 
is irrelevant), and the outcome <s, h)—Saud’s 
‘victory’ in renegotiations. Without further 
assumptions, the relative ordering of these is 
uncertain. However, analysis of the hypergame 
will show that in most respects, the model is 
insensitive to changes in these intermediate 
rankings. For the present we shall assume that 
because of the strong pressures brought to bear 
by ARAMCO, Saud by now prefers abandon- 
ing the contract and the subsequent ‘loss of 
face’ to even substantial modifications so that 
<s, b> and <h, b> are ranked above <s, h>. This 
seems a plausible enough suposition, bearing 
in mind the extreme lengths to which the estab- 
lished oil concerns were known to be prepared 
to go in defence of their positions. 

In Saud’s view, Onassis’ preferences are 
opposed to his own, except that he sees the 
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Fic. 1. Outcomes and their perceived consequences. 


latter’s preference for the <s, s) outcome essen- 
tially equal to those obtained when he uses his 
‘break’ strategy. Perhaps here the case for 
slightly differing preferences could be argued; 
however, the point of real importance is that 
according to Saud’s evaluation of the situation, 
the result least favourable for Onassis is cer- 
tainly the <h, h> outcome opening the way to 
court proceedings but preserving Saud’s repu- 
tation. Saud’s game is thus shown on the right 
hand side of Fig. 2. 

We now analyse the resulting hypergame. To 
do so we must take into account the informa- 
tion conditions prevailing. As we have seen, 
Onassis was quite unaware of Saud’s real aims 
when called to Riyadh. The press statement 
asserting that he had ‘complete support’ from 
Saud [The Times of Jan. 20, 1955] indicates 
not only that he was mistaken about Saud’s 
real intentions, but also that he was probably 
trying to influence ARAMCO and thus did not 
know about the information which ARAMCO 
had received from Saud through Wadsworth 
and Maheu. Thus he certainly did not have 
any cross-game information and regarded his 


perceptual game as the game being played. On 
the other hand, it seems that Saud was quite 
aware of Onassis’ perception of the situation— 
though he obviously regarded it as a mis- 
perception. Not only did he have access to 
Onassis’ press statements, but he even helped 
to create his misperceptions by disguising his 
true aims and mentioning the possibility of 
renegotiations. We are thus led to suspect that 
Saud had complete cross-game information. 
This suspicion is strongly reinforced by 
analysis of the hypergame of Fig. 2. We shall 
see that, from Saud’s point of view, cross-game 
information is of crucial importance in deter- 
mining one’s ‘rational’ strategy choice. To 
show this, we analyse the system both under 
completely restricted information conditions 
and with cross-game information for Saud. In 
Onassis’ game each player has a dominant stra- 
tegy, ‘hard’: the resulting outcome <h, h) is 
a-stable and f-stable (the outcome <s, s) is 
weakly f-stable, but it is not a-stable). In 
Sauds game, neither player has a dominant 
strategy. The outcome <s, b> is weakly a-stable, 
and is B-stable, while <h, b> is not a-stable but 
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FiG. 2. Onassis-Saud hypergame (assuming Saud prefers the <s, b> and <h, b> outcomes to the 
<s, h> outcome) 
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Fic. 3. Onassis-Saud hypergame (assuming Saud prefers the <s, h)> outcome to the <s, b> and 
the <h, b> outcomes) 


is weakly f-stable. No other stable outcomes 
exist in either of the two games. 

In the hypergame with completely restricted 
information, let us first see what happens when 
we use the above considerations as criteria of 
choice for each player in a ‘one shot’ decision 
problem. We find the following to be a likely 
possibility: Onassis chooses ‘hard’ (expecting 
Saud to choose ‘hard’ also), while Saud plays 
‘break’ (expecting Onassis to play ‘soft’). Thus, 
in the hypergame, we arrive at the outcome 
<h, b>; that is Onassis adopts a ‘tough’ bar- 
gaining stance and Saud unilaterally abandons 
the agreement. This result is quite favourable 
for Saud, but not as good as the outcome 
<h, h> obtained in ‘real life’. What of stability 
in the hypergame? Because the ‘break’ strategy 
appears only in one of the games, our criteria 
do not apply to the outcome <h, b>. But it is 
noteworthy that this outcome (and also <s, b)) 
is B-optimal for Saud. <h, h>, however, is both 
a- and f-stable in the hypergame. Thus, even 
with completely restricted information, we find 
that the outcome that actually occurred is the 
only one stable in the hypergame. The fact that 
it is stable, however, is no guarantee that it 
would be reached: in particular, under restric- 
ted information conditions there is no clear 


rationale for Saud to choose his ‘hard’ rather 
than his ‘break’ strategy. 

In the hypergame with cross-game information 
for Saud, this shortcoming is convincingly 
remedied. From Onassis’ game, Saud can see 
that his opponent perceives himself to have 
‘hard’ as a dominant strategy. It is now quite 
clear that Saud’s best tactic is to anticipate this 
choice and to adopt ‘hard’ himself in response. 
Thus, each player chooses ‘hard’, expecting the 
other to do so as well. The formal outcome 
resulting is that anticipated by both players, 
but the factual consequences of this are seen 
quite differently. Under these information con- 
ditions <h, h> is again the only outcome stable 
in the hypergame, it is both a- and f-stable. 
Now, the outcomes <s, b> and <h, b> are no 
longer B-optimal for Saud: because he can pre- 
dict that Onassis will choose ‘hard’ his unequi- 
vocal ‘best policy’ is to choose ‘hard’ himself. 
The introduction of cross-game information for 
Saud thus provides an ample logical basis for 
his actions, and gives us a compelling model 
of the interaction. (We may put the argument 
another way: though the information condi- 
tions do not affect the hypergame stability as 
such in this case, the choice of the ‘hard’ stra- 
tegy by Saud can only be regarded as ‘rational’ 
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if he is able to see that the <h, h> outcome 
is in fact stable. Under restricted information 
conditions he could not have done so: since 
this outcome is not stable in his individua! 
game, it would have been more reasonable to 
choose his safer ‘break’ strategy.) In this respect 
this case is strikingly similar to that of the fall 
of France discussed in [3] and [4]. 


AN ALTERNATIVE MODEL 


As was stated above, we have no direct evi- 
dence that Saud would have preferred the out- 
comes <s, b> and <h, b> to the outcome 
<s, h>. We should therefore investigate the case 
in which this ordering was reversed: that is, 
in which Saud prefers to keep the contract pro- 
vided he can obtain considerably better terms, 
rather than to break with Onassis unilaterally. 
If all other assumptions remain unchanged, we 
then have the hypergame represented in Fig. 3. 

Once again it can be shown that the only 
stable outcome of the hypergame is <h, h) 
which is both a- and f-stable. Now, however, 
‘hard is a dominant strategy for Saud: it is 
clearly his best choice regardless of cross-game 
information. Even if Saud plays ‘soft’ instead 
of the expected ‘hard’, Saud wins substantial 
concessions, and so obtains what is now his 
second-best outcome. It can thus be seen that 
this alteration to the model does not affect the 
stability in the hypergame, though it does 
make Saud’s choice ‘easier’. It should be 
emphasised, however, that we regard the first 
model as the more plausible. 


CONCLUSIONS 


One of the most immediate questions arising 
from the case history and the decision analysis 
is how Onassis could have fallen into this 
rather simple trap. Surely an experienced and 
certainly clever businessman would expect such 
schemes—not least because he would have 
been just as capable as his opponent of devis- 
ing them, and had probably on occasion even 
employed them himself. 

It is hoped that the hypergame model has 
shown that Onassis was not acting ‘stupidly’ 
and certainly not ‘irrationally’ when he chose 
his ‘hard’ strategy and refused to renegotiate. 
In terms of his perception of his own and of 
Saud’s aims, Onassis made a perfectly sensible 
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decision. This is clearly shown by the fact that 
he chooses the dominant strategy in his percep- 
tual part of the hypergame. The model demon- 
strates that it was the limitation of his percep- 
tual framework that caused him to make a 
decision which in the eyes of the well informed 
observer looks ‘stupid’. 

There are very good reasons for the rather 
poor quality of this framework. Perhaps the 
most important one is that Onassis was in a 
state of crisis when he had to make his deci- 
sion. Onassis had been called to Riyadh for 
no apparent reason, and he had to negotiate 
in an unfamiliar and—as described by Robert 
Maheu—rather imposing if not frightening 
environment. This created the sort of condi- 
tions which introduce strong perceptual limi- 
tations. 


“Alas, it is precisely under these conditions that expand- 
ing one’s world view becomes most difficult from a 
psychological point of view.” 

[5, p. 41] 


For Onassis this meant that he concentrated 
on invalidating Catapodis’ statement. It was 
agreed by witnesses later on that Onassis gave 
a very good account of himself in Saud’s 
audience [ST], and by drawing attention to 
Catapodis’ dubious character defended his 
position very well. The fact that his defence was 
not only anticipated but even aimed at by Saud 
was outside the focus of Onassis’ attention. 

The other factor limiting Onassis’ perception 
was the realisation that his last hope of saving 
the contract was about to be crushed. But it 
was precisely at this time that he really needed 
the agreement. 


“Onassis’ multiple ship construction was fast being com- 
pleted, and he would have to provide business for them 
in a hurry or suffer a tremendous loss as some of his 
new ships went idle. He had 375,000 tons on order, with 
$35 million yet to be paid on the ships. Within a short 
while those launchings, plus the ships he owned, would 
have given him 500,000 idle tons in a less than dynamic 
market.” 


(6, p. 91] 


All this made Onassis extremely anxious to 
secure success for the agreement; renegotia- 
tions, as demanded by Saud, did not seem a 
step in the right direction. But while worrying 
about the detrimental effects which renegotia- 
tions would have had on his profits, Onassis 
left the possibility of King Saud bringing the 
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case to court, or encouraging ARAMCO to do 
so, out of consideration. 

The ‘Onassis game’, as presented here, serves 
very well to demonstrate the conditions under 
which a decision-maker might not be able to 
consider an objectively ‘wise choice’. In this 
case the perceptual limitations imposed by 
Onassis’ state of crisis, the extreme financial 
urgency of the question and the single minded 
pursuit of his aim (to save the agreement) caused 
an apparently ‘rational’ decision to be very 
detrimental to his own goals. If Onassis had 
diverted at least some of his efforts to the study 
of Saud’s aims and choices he would have 
probably been able to foresee the dangers in- 
herent in his refusal to renegotiate. 

Our conclusions can also be expressed using 
the model of decision-making proposed by 
Radford [16]. He divides the process into three 
interrelated and cyclical phases: 


(i) Information Gathering, 


(ii) Strategic Analysis, 


(ili) Interaction between Participants 


(Negotiation, Communication and 
Bargaining). 


What this example demonstrates is the enor- 
mous influence that one party can exert on 
another in phase (iii) by affecting his analysis 
in phase (ii). Indeed, one can plausibly argue 
that often the most important function of nego- 
tiation, communication and bargaining is to 
shape the other parties’ strategic models of the 
situation in such a way that their (voluntary) 
decisions accord with one’s own aims. We can 
also see that phase (i) is shaped by (ii). The 
information one gathers depends on the model 
one starts off with; observation is always 
‘theory-directed’. 

Ideally this case study should have shown 
whether the hypergame model gives accurate 
predictions of people’s behaviour. But due to 
the historical nature of case studies, it could 
be objected that the games and stability criteria 
were chosen and constructed in such a way 
that they had to give the expected and desired 
results. Clearly it is impossible to completely 
disperse this suspicion, but it is hoped -that the 
sometimes rather lengthy descriptions of 
players’ perceptions do provide a basis for 
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critical scrutiny of the problem formulation. 
No author can deny that his expectations, at 
least subconsciously, influence his findings. But 
by a clear statement of the assumptions the 
modelling process can be subjected to external 
critique. It was already mentioned above that 
the stability criteria were chosen mainly by vir- 
tue of their simplicity (not because they hap- 
pened to give the desired results). This not only 
minimises the work for the research worker but 
it is probably quite a reasonable guide to 
human decision behaviour, even when the 
problem itself is complex. Lindsay and Nor- 
man, for example, state: 


“Several studies of chess experts...Suggest that chess 
masters use a number of heuristic rules to examine and 
select moves .... These are quite simple rules ... of more 
importance, they succeed without requiring too much 
memory capability on the part of the player.” 

[12, p. 556] 


The criteria used here are such simple rules; 
but whether they can provide a more general 
description of decision behaviour remains to 
be seen. 

In summary it can be said that in the context 
of this case study the hypergame proved to be 
a good model for decision situations involving 
misperceptions. A conventional game would 
perhaps been sufficient to show the finally 
achieved outcomes to be stable. However, it 
would not have been able to show any of the 
reasons behind their stability. The fact that, 
due to his information conditions, King Saud 
was able to anticipate Onassis’ misperception 
gave his actions their justification. Only a 
model incorporating these misperceptions and 
the different information conditions is conse- 
quently able to give an adequate representation 
of the situation. 

Undoubtedly the hypergame model runs 
into some of the problems of conventional 
games, such as the lack of a_ universally 
accepted solution concept and its ‘static’ 
character, but by using perceptual games as the 
basis of the model it also overcomes some of 
the major limitations of the traditional theory 
of games. 
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This paper treats the problem of comparing various stocking and issuing policies for two radioactive 
isotopes, I-123 and 1-131, which are used in nuclear medicine departments for the diagnosis of 
thyroid disease. The approach is based on using a combination of a cost-benefit analysis to compare 
the increased operating costs of stocking I-123 versus the increased disease risk of using I-131, and 
simulation to recreate the operation of a radio-pharmacy which stocks these drugs. The required 
inputs to the model include: (1) estimates of the disease risks associated with radiation absorbed 
doses from 1-131; (2) estimates of the probability distributions of the appropriate latent periods; 
(3) empirical distributions of daily patient demand; (4) census data for estimating longevity and 
individual expected earnings and (5) cost data the stocking costs of the isotopes. The cost benefit 
results give issuing rules based on the age and sex of the patient, while the simulation is used 
to compare the effectiveness of the various ordering policies considered (the choice of a particular 
ordering policy may influence the risk of disease development). 


I. INTRODUCTION Iodide 123) and I-131 (Sodium Iodide 131) 
which can be used interchangeably for the 
diagnosis of thyroid ailments including cancer. 
Although both of these isotopes may be used 
to satisfy the same demand, they differ mark- 
edly in their physical characteristics: 1-123 has 
a physical half life of 13.3 hours (thus requiring 
daily shipments) while I-131 has a physical half 
life of 8.1 days; I-123 emits only gamma radi- 
ation while I-131 emits both gamma radiation 
and beta particles (the beta particles are the 
primary contributor to radiation absorbed 
dose); I-123 has a shelf life of only one day 
while I-131 has a shelf life of approximately 
30 days; I-131 is obtained as a waste product 
of the fission reaction within a nuclear reactor 
and is thus relatively inexpensive to procure, 

' Research partially supported by the National Founda- while 1-123 is produced by a particle acceler- 
tion under Grant ENG 78-05928. ator process (and is not a waste product of 


THE PURPOSE of this study is to present a 
specific inventory management problem which 
is faced by the nuclear medicine departments 
throughout the country, and demonstrate why 
the usual types of costs and profit and objec- 
tives which dominate inventory models are 
completely inappropriate in the context of this 
problem. Further we show how cost benefit 
analysis can be applied to the problem of com- 
paring alternative stocking and issuing policies, 
which is, to our knowledge, the only inventory 
management model which utilizes this type of 
methodology. 

The problem we consider involves the stock- 
ing of two radioactive isotopes, I-123 (Sodium 
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another reaction) and as a result is more 
expensive to procure. 

The question we address is: what is the ‘best’ 
stocking policy for these two substitute 
products and what rules should be employed 
for issuing the two drugs. From the point of 
view of classical inventory control models, the 
answer is obvious. Since I-131 has a longer 
Shelf life and is cheaper to procure than I-123, 
the minimum cost solution calls for exclusively 
using I-131. However the actual problem is far 
more subtle. The emission of the beta particles 
by the I-131 is itself a possible cause of con- 
siderable localized radiation exposure which 
may ultimately result in the development of 


thyroid ailments. Hence the use of the I-131 . 


isotope for diagnostic purposes may have the 
effect of eventually inducing one of the variety 
of conditions it is intended to diagnose. 

The exclusive use of I-123 would result in 
minimal disease risk since it emits (essentially) 
only gamma radiation. However, because of 
the uncertainties associated with patient 
demand, the extremely short life of I-123 and 
its high costs of procurement, the operating 
costs of using I-123 exclusively might be prohi- 
bitive for many hospitals. The problem is then 
to develop a quantitative model for balancing 
the additional costs of I-123 versus the reduced 
risk? of its possibly inducing a later thyroid 
ailment. 

If we think of the decision maker for this 
problem as society as a whole rather than just 
the local hospital, then two types of costs to 
society will result if an individual should de- 
velop a thyroid ailment: the direct costs of 
medical care and the indirect costs of lost pro- 
ductivity. An optimal stocking policy for the 
two isotopes will balance off the additional 
costs of stocking I-123 with the expected future 
costs associated with the risks of using I-131.° 

This problem appears to be extremely diffi- 





? Commercially available I-123 is mildly contaminated 
with 1-124, 1-125, I-126, 1-130 and I-131. However, we may 
ignore the risk associated with the contaminants as it is 
relatively small if the I-123 is administered on the day 
of calibration. Note that the disease risk due to pure 
gamma radiation was assumed to be zero for the purposes 
of this study. 

> One must view this statement in the perspective of the 
problem itself. There is also a possibility that the disease 
will not be diagnosed or be diagnosed by other means 
such as surgery which has a higher risk of causing death 
or a later complication. 


Nahmias, Levine—Inventory Management and Cost-Benefit Analysis 


cult to model mathematically. Although inven- 
tory models do.exist for items which are sub- 
ject to continuous exponential decay (see [6]) 
and fixed life perishability (see [19]), we are 
dealing with a two product pure substitute sys- 
tem in which both products are simultaneously 
decaying and possess a fixed shelf life. In addi- 
tion, the objective function is based on balanc- 
ing operating and disease risk costs. For these 
reasons a pure mathematical model appears 
difficult to develop. As an alternative, an 
approach based on monte-carlo simulation will 
be considered. 

The following is a general outline of the 
methodology which is used in this study: 


(1) Based on a number of previous studies 
reported in the literature, the risk probabili- 
ties associated with developing (a) thyroid 
cancer, (b) hypothyroidism and (c) a ‘catch- 
all’ group including benign goiters and 
nodules (herein referred to as nodularity for 
convenience) are estimated as a function of 
the age when received for a specified dosage 
in rads (units of radiation absorbed dose). 
The absorbed dose in rads is related to the 
units of radioactivity administered (in mic- 
ro-curies) for a specified radioisotope. Ad- 
ditional information is used to determine 
the probability distribution of the latent 
period (i.e. the period of time that elapses 
from the time of irradiation to the time one 
of the conditions above is developed, or is 
diagnosed). 


(2) Using these risk probabilities, the expected 
discounted cost of developing one of the 
conditions above is computed, based on the 
assumption of a 500 rad dose of I-131. 
Assuming that the risk probabilities are a 
linear function of the dosage, for a given 
age, these probabilities can be computed for 
other, more reasonable, lower dosages in 
the diagnostic range. 


(3) When the expected loss due to I-13] 
exceeds the additional cost of I-123, then 
I-123 is more desirable. Included in this 
computation are costs of medical therapy 
and loss of income. A decision rule based 
on the age and sex of the patient is devel- 


oped which specifies the optimal radioiso- 
tope to use. 
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TABLE 1. THYROID CANCER CASES FOR CHILDREN UNDER 10 YEARS OF AGE 





Study 


Cases/10° persons/rad/year 





Hempelmann [10] (Rochester series) 
Hempelmann [11] 

Latourette and Hodges [13] 
Marshall Island Report [16] 

Beach and Dolphin [1] 

UNSCEAR [25] 





(4) A simulation model is then developed to 
compare the performance of ten different 
ordering policies. Empirical data are used 
to generate both demand distributions and 
patient age. The patient priority class (in- 
patient or outpatient) is considered in the 
simulation. 


II. DETERMINATION OF THE RISK 
PROBABILITIES 


A basic assumption that is made in deter- 
mining the probability that any of the disease 
conditions is developed by the patient is that 
the risk is a linear function of the absorbed 
radiation dosage (measured in rads). A similar 
assumption was also made in [2]. Since the 
risk associated with zero dosage is zero, the 
linearity assumption implies that only a single 
data point is required to determine the risk 
probabilities for any condition over the entire 
range of possible values of the absorbed radi- 
ation dosage.* 

Two of the most significant studies which 
were used to determine the shape of the risk 
curve for thyroid cancer were those of Hanford 


et al. [9] and Socolow et al. [23]. Hanford ~ 


followed the history of patients treated at a 
New York hospital for benign lesions during 
the period 1920-1950. Based on his data, the 
risk probabilities associated with a 1000 rad 
dose as a function of the age of the patient 
when the dose was received is given by the 
following: 





*The linearity assumption has been traditionally used 
in radiation dose calculations, although this assumption 
as well as the assumption of no threshold (that is, zero 
risk for zero dose) have come under fire. We believe the 
model to be realistic for the purposes of this study. 


Age Risk (Probability of 
developing a benign lesion) 
17% 

10.8% 
1.3% 
1.7% 


0% 


0-9 
10-19 
20-29 
30-39 

over 40 


Although Hanford found zero risk for 
patients over 40, Socolow’s study of the sur- 
vivors of the Hiroshima and Nagasaki blasts 
indicated that there was a positive risk for 
patients over 40. 

A number of other studies were concerned 
with the incidence of thyroid cancer to children 
under 10 years old. Table 1 below gives the 
results of these studies. 

The average of these observations is 2.43. 
Since this yearly data represents an approxi- 
mate 20 year span, we multiply by 20 to obtain 
the overall risk per rad per 10° individuals, 
which will give a very conservative estimate of 
the true risk. For a dosage of 500 rads the 
risk per individual in the 0-10 year age cate- 
gory is then obtained as 


I 
2.43 x ioé x 20 x 500 = 0.0243 


A similar calculation based on the studies 
by others [1, 9, 12, 23-25] gives an average risk 
for all age groups as 1.4% for a 500 rad dose. 
Based on the observation that the risk curve 
is monotonically decreasing with age and the 
estimates of 2.43% as the average risk for the 
zero to ten age group and 1.40% as the average 
risk overall, we obtain an estimated risk curve 
of developing thyroid cancer for all ages at an 
absorbed dosage of 500 rads. The results are 
pictured in Fig. 1. 

In order to determine the risk curve for 
nodularity, various studies [2,3,5,21] were 
used and estimates of the average risks for the 
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(500 RADS) 


THYROID > 
CANCER 








Fic. 1. Disease risk for 500 rad dose. 


various age groups made in a fashion similar 
to that for thyroid cancer. In the case of 
hypothyroidism the relevant studies are those 
of the Marshall Island Report [16] and Green 
and Wilson [8]. 

The estimated risks for a 500 rad dosage for 
all three disease conditions are given in Fig. 1. 
Figure 1 should be interpreted as follows: 
if an individual of any age level specified on 
the abscissa receives an absorbed dosage of 500 
rads then the probability that he contracts one 
of the three disease conditions specified during 
the remainder of his lifetime is given by the 
specified curves. Since risk is assumed to be 
a linear function of absorbed dosage, the risk 
associated with any dose from 0-500 rads may 
also be obtained from Fig. 1. For example, if 
an individual of age 40 receives a 25 rad dosage 
the likelihood of his developing a ‘nodularity’ 
condition during his remaining lifetime is 
approximately (0.03) x (25/500) or 0.0015. 

It is interesting to note that our estimate 
of 2.43 cases per year per million persons 
receiving a dose of one rad is in remarkably 
close agreement to the later estimates reported 
at the 1976 Symposium on Radiation Associ- 
ated Thyroid Disease [4]. In this report an 


estimate of three cases per year per million per- 
sons for each dosage of one rad was made for 
persons treated in childhood with x-rays for 
benign disorders (such as acne or enlargement 
of the thyroid or lymph nodes due to infection). 

Similarly, we find close agreement with our 
estimates and those of the panel regarding the 
occurrence of benign nodules. (The report 
expresses risk in a different manner however: 
if 25 years ago the thyroid glands of 100 people 
were exposed to 300 rads each, then approxi- 
mately nine will develop benign nodules on the 
thyroid.) 

Our risk estimates also agree with the find- 
ings of the Bureau of Radiological Health (pri- 
vate communication to the second author). 


II. ESTIMATION OF THE LATENT 
PERIOD PROBABILITY DENSITIES 


The latent period is defined as the amount 
of time that elapses between the patient being 
irradiated and his contracting the particular 
disease condition considered. We will make 
two assumptions which appear to be fairly well 
supported by experience. One is that the latent 
period is independent of the magnitude of the 
absorbed dosage [10] and the other is that the 
latent period is independent of the age of the 
patient at the time of irradiation [9]. 

Since we treat the latent period as a con- 
tinuous random variable, it is necessary to esti- 
mate the probability densities associated with 
the latent periods for the three disease condi- 
tions considered. Our estimates are extremely 
rough owing to the paucity of data available. 
In the case of thyroid cancer, Hempelmann’s 
[10] study would suggest a mean period of 
about 20 years and a maximum of about 40 
years. In the case of hypothyroidism, Green 
and Wilson [8] indicate that a major portion 
of the development occurs within one year 
while Silver [22] implies the latent period for 
hypothyroidism rarely exceeds four years. In 
the case of nodularity, Silver indicates that 
nodules are most likely to appear from two 
to five years after irradiation while the Mar- 
shall Island Report [16] indicates that nodu- 
larity is almost certain to appear within ten 
years. 

Using this information, we have estimated 
the probability densities of the latent periods 
for each of the disease conditions considered 
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A . Thyroid Cancer 





B Hypothyroidism 





C Thyroid Nodularity 








Latent Period (years) 


Fic. 2. Estimate of probability densities of latent period for 
developing thyroid cancer, hypothyroidism, or thyroid nodu- 
larity following radiation exposure. 


which are pictured in Fig. 2. Each density is 
roughly symmetric, is unimodal and has a 
range of abscissa values chosen to be consistent 
with the above. Ordinate values are selected 
to guarantee that the area under each curve 
is one. 


IV. DETERMINATION OF DISEASE 
COSTS 


For each of the three disease conditions con- 
sidered in this study there are both direct and 


indirect costs which must be taken into 
account. Direct costs are those required to 
actually treat the disease and include those 


costs incurred for surgery, medical tests, phys- 
icians’ expenses, drugs, supplies, etc. 

For thyroid cancer, one must include com- 
plete diagnostic radiology preliminary tests 
before surgery (including nuclear medicine and 
x-rays), thyroid gland surgery, and post surgery 
tests. The patient remains hospitalized for an 
average of twelve days and must return each 
year for a period of five years for follow-up 
tests. Based on data current in 1974, we obtain 
a direct cost of $2433.31 in the first year and 
$150.58 for each of the next five years. The 
present cost (relative to 1974) based on an in- 
flation rate of 10% is $3050.72. 

For nodularity, generally surgery or hospital- 
ization is not required, but tests and drugs may 
be administered for a period of approximately 
five years from the time the condition is dis- 
covered. The estimated cost is $45.43 per year 
which results in a present direct cost for this 
condition of $231.70. 

Hypothyroidism treatment includes a series 
of tests the first year and the administration 
of a thyroid hormone medicine for the remain- 
ing lifetime of the patient. Using the estimate 
of 35 years as average remaining lifetime (that 
is, the time from discovery of the disease until 
death) using census data reported in [17] one 
obtains from an estimated direct cost of 
$121.03 the first year and $2.50 for each follow- 
ing year a present direct cost (relative to 1974) 
of $153.42 for hypothyroidism. 

Indirect costs include those costs to society 
which result from an individual developing one 


TABLE 2. AVERAGE EARNINGS BY AGE* (1974) 





Male Female 





0 
1324 
3291 


75 and over 





* The entries in this table were obtained 
from the 1970 Census Report [27] and extra- 
polated to 1974 assuming an increase of 3% 
per year. 
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of the three disease conditions considered. We 
will assume that the indirect costs are propor- 
tional to the loss of the individual’s producti- 
vity which is measured by the loss in earnings 
for that individual. A common estimate of the 
constant of proportionality is 2.5. Average 
earnings for males and females as a function 
of age are estimated from the US census report 
[27], and given in Table 2. Hence the calcula- 
tion of indirect costs depends upon the age and 
sex of the patient, at which point the condition 
is discovered as well as the specific condition 
itself. 

Let x be the average daily earnings for any 
individual. Since thyroid cancer involves an in- 


itial therapy period of twelve days the first | 


year, and one day per year for the next five 
years, one obtains an indirect cost of $30x the 
first year and $2.5x each following year. Note 
that we have applied the proportionality factor 
2.5. Hence the total indirect cost for thyroid 
cancer is $40.25x. 

The therapy for nodularity involves a period 
of one day per year for a total of six years. 
The resulting indirect cost is $12.75x. The ther- 
apy for hypothyroidism involves only one day 
of initial treatment. The resulting indirect cost 
is 2.5x. 


V. THE COST BENEFIT APPROACH 


The proper manner in which to assess a dol- 
lar cost for risks associated with disease or loss 
of life is an issue which has never been truly 
resolved. For the purposes of this study we 
have chosen what is probably the most com- 
mon method: the economic penalties to society 
for using I-131 (which is the same as the econo- 
mic benefit of using I-123) is taken to be the 
sum of the expected costs of medical care (di- 
rect costs) and expected loss in future dis- 
counted earnings (indirect costs) which accrue 
as a result of the risks associated with the three 
disease conditions. Such an approach ignores 
the fact that there might be some cost levied 
for the suffering of the individual and the 
people around him and that people are gener- 
ally risk averse in that they would be willing 
to pay a substantial premium to avoid such 
risks. Mishan [14, Chapter 8] cogently dis- 





° We are grateful to an anonymous referee for bringing 
this reference to our attention. 


cusses this issue.” Because of the strong differ- 
ences of opinion on this point, we feel that our 
approach is the most reasonable in the context 
of the problem being considered, and appears 
to be entirely consistent with the philosophy 
of the BEIR Report [2]: 


“The concept of balancing the risk of radiation expo- 
sure against the expected benefit has been well recog- 
nized and accepted, but no serious attempt has been 
made to evaluate both sides of the equation in any way 
that could lead to operational guidance.” 


This study represents perhaps the first such 
attempt. The use of cost-benefit analysis in 
health planning however is well known, see for 
example [7, 15, 20, 24]. 

The computation of the expected benefit due 
to I-123 is accomplished as follows. Future 
costs are discounted to the present assuming 
an interest rate of r. In addition, inflation is 
accounted for by allowing for both the average 
annual increase in the rate of medical costs, 
m (which at the time of this study in 1974 was 
about 4% per year), and the average annual 
increase in wages, s, which can be estimated 
from census data. The effective discount factor 
for medical costs is then (1 + m)/(1 + r) and 
the effective discount factor for wages is 
(1 + s)/(1 + r). The expected benefit from using 


_ 1-123 (the expected cost from using I-131) is 


computed from the formula given in the appen- 
dix. Separate calculations are performed for 
men and women. This figure is then compared 
to the difference between the unit costs of I-123 
and 1-131 which for this study is assumed to 
be $7.00, which includes the air freight daily 
shipping charge for I-123. The cost-benefit 
assumption is that I-123 is preferred if the 
expected benefit (given by the formula above) 
exceeds $7.00 while I-131 is preferred if this 
benefit is less than $7.00. 

The expected loss for administering the in- 
appropriate isotope is pictured for males in . 
Fig. 3 for interests rates of r = 0.03, 0.07 and 
0.11. Note that the loss is highest for the younger 
patient due to the increased risk of contracting 
one of the three disease conditions. The cross- 
Over points occur at ages 43, 34 and 27 for 
interest rates 0.03, 0.07 and 0.11 respectively. 
When the age is less than these crossover 
points, the expected benefit of I-123 exceeds 
the $7.00 difference in unit costs and as a result 
1-123 is more desirable. However, if the 
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Fic. 3. Expected loss for administering the alternate isotope. 


patient’s age exceeds the crossover point, the 
expected benefit of I-123 is less than $7.00 and 
so I-131 is assumed to be more desirable. The 
graph pictures the absolute difference between 
the $7.00 additional procurement cost of I-123 
and its expected benefit. A similar graph (not 
pictured) was developed for females. In that 
case the respective cut-off for choosing I-123 
were 39, 28 and 23 for the respective interest 
rates of 0.03, 0.07 and 0.11. 

A validation of our results is provided by the 
fact that these ages are consistent with the 
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general practice in the Nuclear Medicine com- 
munity. Generally I-131 is not given to indivi- 
duals of child bearing age or younger when 
I-123 is available. 


VI. SIMULATION ANALYSIS OF 
ORDERING POLICIES 


The purpose of the simulation is to compare 
the performance of a number of different ‘rea- 
sonable’ ordering policies in terms of their 
costs to the patient and to the hospital. The 
probability distribution of daily demand is esti- 
mated from empirical demand data. These dis- 
tributions are used in conjunction with the 
computer’s random number routines to obtain 
sample realizations of daily demand. In a simi- 
lar fashion, empirical data were also used to 
develop the probability distribution of the 
patient’s age at time of diagnosis. (Sample data 
covered the period March—June 1974). 

The ordering policies which were tested were 
of the following type: a standing order to 10, 
15, 20 or 25 capsules per week of I-131 was 
considered in conjunction with daily orders of 
I-123 varying from 0 to 6. The total number 
of capsules of both types ordered each week 
was fixed at about 25 (to reflect the fact that 
weekly demand rarely exceeds this figure). The 
ten ordering policies considered are given in 
Table 3 below. 

These particular policies were considered to 
be reasonable in view of the current types of 
operating characteristics of the system. 

The simulation program also accounts for 
two patient priority levels: inpatient and out- 
patient. It is assumed that an inpatient demand 
will always pre-empt an outpatient demand 
since outpatients can be rescheduled with rela- 


TABLE 3. 





Policy Standing order of I-131 


Daily orders of 1-123 
T W TH F 


= 





25/week 
20/week 
20/week 
15/week 
30/2 weeks 
15/week 
15/week 
20/2 weeks 
0 
0 
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tively little additional cost to either the patient 
or the hospital. 

Since I-123 has only a one day shelf-life and 
doses are administered in the morning, the 
level of radioactivity of an I-123 capsule is ap- 
proximately the same each day it is adminis- 
tered. However, this is not the case with I-131. 
Since I-131 is continuously decaying over its 
31 day shelf life, its radioactivity level at time 
t, say A,, is given by the standard decay equa- 
tion A, = Ag exp(—At) where Ap is the initial 
radioactivity and A = 0.00036 is the decay rate 
constant (assume ft is measured in hours). 
Depending on the age of I-131 when adminis- 
tered, more than one capsule may be needed 
to obtain the required dosage in microcuries. 
The object is to administer a dosage of suffi- 
cient radioactivity to obtain a good quality 
study, while minimizing the radiation absorbed 
dose (rads) to the patient, particularly to young 
patients. A poor image requires readminister- 
ing a second larger dose. 

In order to determine the correct value of 
the absorbed dosage in any particular case, it 
is necessary to obtain the correct relationship 
between the number of rads of radiation 
absorbed and the radiation level of the isotope 
(which is measured in microcuries (wCi) and 
these are the units used throughout in this 
paper) as a function of the age of the patient. 
This relationship is given in Table 4 below. In 
addition, it is necessary to know the relation- 
ship between the age of the patient and the 
dosage generally given. This relationship which 
is pictured in Fig. 4 was observed to vary 
roughly linearly from a dose of approximately 
35 at age zero to a maximum of 100 at age 20 
and beyond.° 

To demonstrate how these relationships are 
used, we consider a simple example. Suppose a 
shipment of I-131 capsules have been in stor- 
age for 22 days and each capsule is initially 
calibrated at 100. Since these capsules have 
been in storage for t = 24 x 22 = 528 hours, 
the radioactivity level of these capsules is 
Iso = (100)-exp(—0.0036 x 528) = 15. 





° The choice of administered doses assumes a patient 
would receive a thyroid scan (an imaging procedure) rather 
than just a thyroid uptake study which would only require 
about one quarter of the scan dosage. Also we have not 
considered the possibility of multiple or follow-up doses. 

’ This example is meant for illustrative purposes only. 
It is relatively rare that as many as five capsules would 
ever be actually administered. 
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TABLE 4. 





Age of patient No. rads/zCi absorbed by thyroid 





won AUuUht WN Oo 


20 and over 





Sup- 


pose the patient is 13 years old. Then the esti- 
mated level of radiation required for the study 
would be 77 (35 + 100-35/20 x 13) (see Fig. 4). 
This would call for administering five I-131 
capsules that are 22 days old. From Table 4 


this results in an absorbed radiation dose of 
196 rads.’ 


ASSUMPTIONS MADE IN 
THE SIMULATION 


When both I-123 and I-131 were available, 
the results of the cost-benefit analysis were 
used to determine which isotopes to adminis- 
ter. However, if only one of the two were avail- 
able the following rescheduling criteria were 
used: 


(1) If 1-131 was called for and only I-123 was 
available, then I-123 was used. 








Fic. 4. Dose per patient (I-131 uCi per patient) (estimated 
1974 clinical practice) versus age at administration. 
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(2) If 1-123 was called for and only I-131 was 
available then: 


(a) If the patient was a priority | patient 
the I-131 was used. 

(b) If the patient was a priority 2 patient, 
then he was rescheduled only if his 
expected loss exceeded a pre-specified 
tolerance. Tolerances of $10, $20 and 
$30 were considered. 


(3) If neither I-131 nor I-123 were available, 
then the patient was rescheduled regardless 
of his priority status. That is, excess 
demand is assumed to be fully backordered. 
This is entirely consistent with current 
practice which does not allow for lateral 
resupply of isotopes among hospitals. 


Additional inputs to the simulator were the 
probability distributions of daily demand for 
each isotope. These were estimated by analysis 
of patient records at the Presbyterian Univer- 
sity Hospital, Pittsburgh, PA, and histograms 
for the number of units demanded as a func- 
tion of the day of the week were generated. 
The age distribution of patients was also gener- 
ated from patient records. 

The process was simulated for 500 weeks of 
operation. Statistical tests indicated this was a 
sufficiently long running period to eliminate 
the transient effects of initial conditions while 
providing reliable estimates of the outputs of 
the simulation. For each fixed ordering policy 
and interest rate, the outputs of the simulator 
included: (1) the total dollar loss to the patient, 
(2) the total dollar cost to the hospital, (3) the 
percentage of each isotope which perished 
(excluding loss to decay) and (4) service levels 
for each priority patient (that is, what percent- 
age of each type of patient couid not be satis- 
fied by demand). 

The output of the simulation program 


assuming an interest rate of 7% and a re- 
scheduling tolerance of $10.00 (as described 


above) is given in Table 5. Note that policy 
1 which calls for exclusive use of I-131 with 
a standing order of 25 capsules per week 
resulted in minimum cost to the hospital of 
$8228.80 but a very high patient loss of 
$57,772.00 while policies 9 and 10 which call 
for using only I-123 resulted in higher costs 
to the hospital and relatively lower losses to 


the patient. The policy which resulted in lowest 
overall dollar losses was policy 7 which calls 
for a daily standing order of 3 capsules of I-123 
(excepting Friday) and a weekly order of 15 
I-131 capsules. It is interesting to note that this 
policy resulted in lower patient losses as well 
as lower hospital costs over policies 9 and 10. 

Note that in Table 5, the percentage waste 
is broken down into two categories: ‘waste’ due 
to the use of a standard capsule which is 
required during the uptake and scan procedure 
in addition to the administered capsule, and 
the losses due to perishability. 

The next two columns labelled “% given to 
patient’ represent the percentages of each iso- 
tope which are actually used to satisfy demand. 
The next two columns give a measure of the 
service which results from each of the policies. 
For example, for policy 1, 18°% of the inpatients 
and 30.08% of the outpatients had to be re- 
scheduled due to the fact that no drug was 
available when it was demanded. Note that 
overall policy 7 seemed to give the best service 
performance as well as minimum overall loss. 
The final column represents the cost absorbed 
by the hospital when using each of the ordering 
policies. In general the hospital costs increased 
with the proportion of the quantity of I-123 
ordered. 


VII. DISCUSSION OF RESULTS 


All of the numbers obtained here must be 
interpreted with care and the results must be 
viewed in the context of the political and oper- 
ational constraints which are present in the 
hospital environment. In particular, the costs 
associated with any inventory policy are quite 
sensitive to values chosen for the costs of pro- 
curement and transportation. Many costs are 
difficult to account for in the model. One is 
the additional costs that arise from difficulties 
of transporting radioactive materials. Another 
is the costs of patient rescheduling. For this 
reason the quality of service plays an impor- 
tant role in policy comparisons. 

Another important issue is the cost-benefit 
assumption that one accepts that radioisotope 
which results in minimum expected loss to one- 
self even if that choice involves choosing I-131 
which may have a disease risk associated with 
it. However, in terms of disease risk, it is more 
likely that people would be ‘risk averse’ and 
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might prefer to pay additional money to offset 
a small but positive risk. In addition, the actual 
cost-benefit calculations are based on our esti- 
mates of disease risk and the probability distri- 
butions associated with the latent periods. Our 
estimates are extremely rough owing to the 
very skimpy data available. We would caution 
the reader to return to the original references 
before attaching any undue significance to the 
estimated risk probabilities given in Fig. 1 or 
the latent period distributions in Fig. 2. 

The primary contribution of this study is 
that it outlines a methodology for dealing with 
the difficult trade-off of disease risks versus 
operating costs which occurs so often in health 
systems management. This study outlines a 
concrete method of computing a dollar loss as- 
sociated with those risks. It also shows what 
we believe is the first example of cost/benefit 
analysis applied to the problems of issuing and 
ordering in an inventory system. 

As a result of this study, the second author, 
who is responsible for ordering I-123 and I-131 
for a centralized radiopharmacy serving many 
hospitals in the Pittsburgh area, has signifi- 
cantly altered the ordering policy for these two 
isotopes, resulting in a proportionately in- 
creased usage of I-123 after it became commer- 
cially available. 
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APPENDIX 


The total expected benefit of I-123 for a patient x years 
old (which is equivalent to the total expected loss of 
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]-131 to a patient x years old) is given by the formula: 


3 T, 1+m\i 1+s\ 
2 P;(x) 2 hiyeu(5 *) +ay(j <=) 


where 


P{x) = risk probability of disease condition i for a fixed 
absorbed dosage in rads received by a patient 
x years old (see Fig. 1) 
T, = expected remaining lifetime of a patient x years 
old 


h,; = probability that patient develops disease i after 


j years; that is the latent period probability 
distribution for disease i, (see Fig. 2) 


cj; = present direct cost of disease condition i to a 


patient (x + j) years old 


d;; = present indirect cost of disease condition i to a 


m 
S 
r 


patient (x + j) years old 

average annual increase in medical costs 
average annual increase in wages 
interest rate 
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When a corporation borrows from a non-domestic source, such as the Eurobond market, it is 
obliged to make interest payments in a foreign currency at pre-determined periods throughout 
the life of the loan. By doing this the corporation incurs an exchange risk which may outweigh 
any advantages of borrowing foreign currencies such as lower interest rates. This note describes 
a criterion which assists the corporate treasurer in his choice of currency by showing the exchange 
rates at the end of the life of the loan implied by each choice. 


INTRODUCTION 


WHEN A Corporate treasurer wishes to borrow 
over a long term, he has a choice of a number 
of currencies with associated interest rates. As 
a general rule, the more stable currencies offer 
lower interest rates than the less stable. If the 
corporation’s domestic currency is one of the 
less stable ones (such as £), the treasurer’s 
choice is likely to be between a high interest 
loan in his own currency, or a lower interest 
loan in a more stable foreign currency (such 
as Swiss Francs). The choice of the lower inter- 
est foreign loan implies that the exchange rate 
between the relevant currencies is not expected 
to change sufficiently for the effective payments 
of interest and principal to exceed those of the 
domestic loan. The choice can be formalised 
by computing a “breakeven” exchange rate at 
which the foreign and domestic loans would 
be equivalent. 

It should be emphasised that the problem 
considered is that of making a choice between 
two or more fixed interest loans over specific 


terms, the Eurobond is an example of the type 
of loan instrument involved. 

The use of the breakeven rate as a decision 
criterion for the corporate borrower was criti- 
cised by Finney and Meade[2] and an im- 
proved criterion was outlined. The purpose of 
this note is to describe the improved criterion 
in detail. 


BREAKEVEN DECISION CRITERION 


This criterion is nothing more than a 
straightforward internal rate of return calcula- 
tion, it was described by Chown [1] in 1973. 

Consider first a domestic loan over N years 
with an interest coupon of 100 c,4% pa with 
the interest payable n times pa, the cost of this 
loan will be the solution x to this equation: 
1- y —*_- aes (1) 
ina (I + xy (1 + xy" 

Obviously in this case the cost of the loan x 
is (c,/n) domestic money units (dmu) paid n 
times yearly. 
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Secondly consider a loan in a foreign cur- 
rency over the same period with the same tim- 
ing of interest payments but with a coupon of 
100 cg% pa. When this loan is taken out the 
exchange rate is Ey foreign money units (fmu)/ 
dmu. It is also assumed that the relative depre- 
ciation rate between the currencies is r, every 
1/n of a year. The cost of the foreign loan is 
the solution y to this equation: 


1 
| - =% 





(2) 
For the costs of the foreign and domestic loans 
to be equal: 
y=x=c,/n 
Thus substituting in (2): 


“0 Cp/n 1 





~ (b+ rX*(1 + c,/nyh" 


5 2 (1 + ri + c,/ny 


(3) 
Thus for the cost of the loans to be equal the 
depreciation rate r, must satisfy (3), that is at the 
end of N years the exchange rate must be 
Eo(1 + 1r,)%" fmu/dmu. The solution to (3) is 
simpler than it at first appears, 
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if r, takes this value, the cost of the foreign 
loan is equal to that of the domestic loan and 
the end of term exchange rate E,(1 + r,)*" is 
called the breakeven rate. 

The treasurer bases his choice of loan on 
his view of the likely exchange rate at the end 
of the term of the loan in relation to the break- 
even rate. Thus the breakeven rate is a simple 
and easily computed decision criterion. 

However the assumption of a uniform geo- 
metric depreciation of relative currency values 
is implicit in this calculation. A study of any 
exchange rate between two currencies soon 
demonstrates that the rates fluctuate unevenly 
rather than follow a smooth path. In Fig. | 
the exchange rate of £ against the Deutsch- 
mark (DM) is plotted at 6 month intervals and 
the uniform depreciation rate over the same 
period is superimposed. The question that 
presents itself is to what extent do irregular 
changes in exchange rates undermine the use- 
fulness of the breakeven rate. 


SENSITIVITY OF BREAKEVEN 
EXCHANGE RATES 


To measure the effect of the irregular fluc- 
tuations in exchange rates, a set of random 


——= Path of actual exchange rate at 6 month intervals 


=== Uniform depreciation rate 
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TABLE |. 





Period of 
loan (years) 





Interest rates % p.a. 
(payable twice yearly) 
£ 

DM 


10.00 
5.25 


10.25 
5.50 





paths to the breakeven rate are generated and 
the effective costs of the foreign loans are cal- 
culated. DM loans (foreign) were compared 
with £ loans (domestic) over the terms and 
using the rates shown in Table 1. 

In order to generate the random paths from 
the initial rate to the breakeven rate, a mathe- 
matical model of the exchange rate movements 
must be hypothesised. No such models were 
found in the literature, however Granger and 
Morgenstern [3] demonstrated that a random 
walk model was appropriate for security prices 
on the New York Stock Exchange. As both 
security prices and exchange rates are decided 
by similar market forces the suitability of this 
model was tested for a set of seven major ex- 
change rates. The results of this test provided 
no evidence to dispute the hypothesis of a ran- 
dom walk (copies of these results can be 
obtained from Meade). The random walk 
model is 


log E; = log E;-, + €; 
where 
E€,) = 0 
and 
cov(€;, €;_,) = 0 


for 
s #0, 


and E; is the exchange rate at time i. The 
period to period depreciation is r; where 
1+r,= E/E, 


Since the exchange rate at the end of the period 
is fixed at the breakeven rate, this determines 


the mean value for r; in the simulation of the . 


paths of the exchange rate. In the simulation 
Normality of €; is also assumed, this can be 
justified by the Central Limit theorem in that 
the change in the exchange rate considered is 
a sum of many smaller fluctuations. Thus the 
intermediate exchange rates were generated 
using 


log(1 + r)) ~ N(u, 07) 
where 


bh = log(1 + r;) 


and o? is estimated from data. Using the Bank 
of England data illustrated in Fig. 1, the value 
of o? for depreciation of £ against DM over 
6 month intervals (to coincide with the loan 
requirements) from January 1972 to July 1978 
was found. This value, ¢ = 0.085, was used to 
simulate exchange rate changes over the term 
of the loan, starting at the same initial rate 
and finishing at the appropriate breakeven 
rate. For each simulation run the effective in- 
terest cost was calculated, that is, the value of 
y in equation (2). The mean effective costs for 
each term of loan and 80% confidence intervals 
are shown in Fig. 2. One would expect the 
mean effective cost to be close to that of the 
domestic loan since each realisation of the cost 
of the foreign loan assumes the final breakeven 
rate is realised. This is the case, but the vari- 
ation in the effective cost of the foreign loan 
is significant and should not be ignored. Thus 


— 


Cost of borrowing. %p.a 





| ae Ses F it 
s @ § 10 
Term of loan (years) 





hi 
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Fic. 2. Domestic cost of borrowing (£) and 80% confidence 
intervals for effective cost of a D.Mark loan given end of 
term breakeven rate. 
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Uniform geometric 
depreciation rate 


Exchange rate fmu/dmu 








\~———_———— Term of loan 


Fic. 3. Uniform breakeven rate and two depreciation rates 

leading to equivalent costs of borrowing. 
the case for the use of the breakeven rate as 
a sole decision criterion is seriously weakened 
by the variability of exchange rate changes and 
it is clear that consideration of the variation 
of cost should be included in a modified deci- 
sion criterion. 


MODIFICATION OF THE 
DECISION CRITERION 


The variations in the depreciation rate mean 
that the breakeven exchange rate will also vary. 
That is, the cost of the foreign loan will be 
equal to that of the domestic loan with a final 
exchange rate other than the uniform break- 
even exchange rate. Thus in order to improve 
the decision criterion it should be possible to 
compute the probability distribution of the 
breakeven exchange rate using the information 
about the variations in the exchange rate. 

The diagram in Fig. 3 illustrates the way in 
which different paths can lead to different 
breakeven exchange rates. Using uniform 
breakeven rate as the standard for compari- 
son; for curve A, the currency depreciates fas- 
ter than the uniform rate, thus interest rates 
are initially cheaper and for the effective cost 
of the loan to equal that of the domestic loan 
the resulting payment of the principal must be 
higher than that of a loan following the uni- 
form depreciation rate. For curve B the reverse 
is the case, comparatively high interest pay- 
ments must be offset by a lower repayment of 
principal. 

The breakeven exchange rates further from 
the uniform breakeven rate are the results of 


more extreme paths, that is those that depart 
most from the uniform depreciation. The pur- 
pose of the rest of this section is to describe 
a convenient form of extreme path which can 
be used to generate the probability distribution 
of breakeven exchange rates. 

To define the extreme outcome, an upper or 
lower confidence interval for the change in 
exchange rate over time is used, bearing in 
mind that the starting point Ey and the finish- 
ing point Ey, are both defined. Continuing the 
assumption that the change in the exchange 
rate is lognormally distributed, the upper confi- 
dence limit on the cumulative exchange rate 
at time ¢ is as follows: 


Pr( y log(] + r;)>tu+ky a) = 1—-—@k) fort>0 
(=i 


As the exchange rate changes are constrained 
to terminate at Ey,, another upper confidence 
limit on the cumulative exchange rate change is: 


t Pe ae oe 
P( > log(l +r;)>tu+k V(Na — to 


= 1 — Wk) for t< Nn 


Similar expressions exist for the lower con- 
fidence limits. 

The extreme path chosen which results in 
equality of cost of foreign and domestic loans 
is defined by these confidence limits. The final 
exchange rate is Ey, and the intermediate rates 
are determined by 


E, = Eyexp[ilog(1 +r) +ko, min(i,Nn—i)) (4) 
where 
(1 +r)" Ey = Enn 


Upper and lower extreme paths like curves A 
and B in figure 3 are defined by taking positive 
and negative values of k. 

Equation (4) defines the shape of the path 
but the final rate Ey, is the solution to this 
equation: 
= Cp/n l 
2 (1 + c,/n)(E;/Eo) . (1 + ¢,/n)*"(En,/Eo) fs 

(5) 


~14 








where E; is defined in (4). Equation (5) is 
similar to equation (3) but the uniform 
depreciation rate is replaced by the extreme 
path depreciation raie. 

For a given pair of currencies the value of 
k determines the probability that a sequence 
of exchange rates starting at E, and finishing 
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Correction factor, Z(Nn) 





iJ i J 


2 5 10 15 
Term of loan (years) (twice yearly repayments) 
(2) (4) (6) (8) (10) (20) (30) 
(Nn) 


Fic. 4. The function of Z(Nn) 





at Ey, will result in a foreign loan costing 
more than a domestic one. That is, if F; is a 
realisation of the exchange rate at time i, 
constrained only by Fo = Ey and Fy, = Enp, 
then the effective cost of a foreign loan is C 
where C is the solution of (6): 


Nn / 1 


-1+ 


(6) 


The probability of the event C > c, is a func- 
tion of k and the conditions of the loan cg, 
and Nn, 


ie. Prob (C > cy) = Q(k, cg, Nn) 

where Q is a function whose structure is to 
be determined. Values of C were found for 
randomly generated paths for F;, for different 
values of Nn and cg. No significant effect on 
Q(.) was found due to cg, but the number of 
payments of interest, Nn, did have an effect. 
The function Q(k, Nn) was found to be ade- 
quately described in terms of the Normal dis- 
tribution and an empirical function Z(Nn) as 
follows 


(7) 


Q(k, Nn) = 1 - o( 


Zima) 
The form of Z(Nn) was found by experimen- 
tation and is shown in Fig. 4. 

Thus an upper and lower confidence limit 


on the end of term breakeven exchange rates 
can be found using the value of o and specify- 


ing « = Q(k, Nn), where 2 is the probability 
of a breakeven occurring outside the limits. 
For a given value of a, the value of k is deter- 
mined from (7) and the values of the upper 
and lower limits form (4) and (5). 


EXAMPLE AND CONCLUSIONS 


The recommendation resulting from this 
analysis is that the single point breakeven 
exchange rate is replaced by a band of 
exchange rates where breakeven is possible. 
The point is best made by the example, shown 
in Fig. 5 for a treasurer whose domestic cur- 
rency is Sterling considering a Deutschmark 
borrowing using the rates shown in Table |. 
If the end of term rate falls in region A, then 
the DM loan will be cheaper with a probability 
of at least 90% (a = 10%) in region C the £ 
loan will be cheaper with a probability of at 
least 90%. In region B above ‘the’ breakeven 
rate the DM loan will be cheaper with a prob- 
ability between 50% and 90%; below it £ loans 
will be cheaper with probability between 50% 
and 90%. 

The same procedure can be carried out for 
any value of «, so that the probability distribu- 
tion of the breakeven rates can be defined as 
precisely as required. 

By using this modified criterion the treasurer 
will have a clearer representation of the effects 
associated with the end of term exchange rates 
than the somewhat deceptive picture given by 
the single breakeven rate. 


REGION A 


REGION C 


Exchange rate D Marks /£ 





gee el oe 


{..2- Ss 4446 
Term of loan (years)- (interest paid twice yearly) 





80% limits on breakeven rates for D.Mark versus £. 
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This paper summarizes the results of our research into applications of decision analysis and portfolio 
theory to the management of foreign exchange exposure. In contrast with much current practice 
in foreign exchange management, the portfolio approach takes into explicit consideration the inher- 
ent relationships among the currencies in the company’s foreign currency portfolio. The hedging 
model developed in this article traces out an ‘efficient frontier’ or trade-off curve between expected 
value and variance of the foreign currency portfolio at the end of the planning period. In doing 
so, the model chooses the optimal amount and method of hedging for each currency in the portfolio. 


INTRODUCTION 


CURRENT exchange exposure management is 
usually executed on a currency by currency 
basis failing to recognize the statistical rela- 
tionships among the changes in the exchange 
rates of the currencies maintained by the com- 
pany, not to mention exploiting the reduction 
of exchange risk holding a diversified portfolio 
of currencies. Although traditional exposure 
analysis has been conducted for individual cur- 
rencies separately, portfolio theory has taught 
us that individual risks should not be measured 
independently. Because of diversification, the 
risk of a portfolio composed of various curren- 
cies is not equal to the sum of the risks of 
each currency. Just as unsystematic risk can 
be reduced via diversification by the number 
of stocks in an investment portfolio, so 
exchange risk can be reduced in a diversified 
portfolio of currencies. Consideration of the 
statistical relationship among currencies allows 
exposure netting as a technique to reduce 
exchange risk. If one believes that exchange 
rate movements of two currencies are highly 
positively correlated, then a short position in 
one currency will largely offset a long position 
in the other currency. If the currencies are 
negatively correlated, long positions in both 
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currencies (or short positions) will tend to 
balance each other out. 

Traditional techniques of foreign exchange 
risk management (monetary balance, swaps, 
forward markets etc.) do not explicitly recog- 
nize the risk element. However, this kind of 
exposure netting (i.e. balancing of foreign cur- 
rency positions on the basis of their co-move- 
ment) can be fully exploited by applying port- 
folio theory to the management of foreign 
exchange. The portfolio approach will allow 
the international company to determine cor- 
rectly its overall exchange exposure, to build 
a well-diversified (minimum variance) currency 
portfolio, and to assess the impact of major 
investments on its company-wide foreign 
exchange exposure. 


OBJECTIVE OF FOREIGN 
EXCHANGE MANAGEMENT 


After an international company has consoli- 
dated the foreign exchange exposure of all sub- 
sidiaries and netted out assets and liabilities 
per currency, its net exposure will consist of 
long/short positions in various currencies. This 
set of foreign currency positions constitutes the 
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currency portfolio of the company. The objec- 
tive of the international company’s foreign 
exchange management is then to protect the 
company and its subsidiaries against exchange 
losses, but not to seek windfall gains through 
currency speculation or similar hedging activi- 
ties unrelated to the nature of its business. The 
company’s profitability should be based on the 
return on the goods and services it produces 
and sells, not on the return of its currency port- 
folio. Protection against currency risk is the 
objective, not speculative profits. The multina- 
tional company can reduce its foreign exchange 
risk by engaging in hedging transactions. 

Hedging reduces the exposure and conse- 
quently the variance of the foreign currency 
portfolio, but also reduces its expected end-of- 
period value by the hedging costs incurred. In 
other words, the company should minimize the 
variance of its foreign currency portfolio given 
a maximum amount of hedging costs it is will- 
ing to incur, and not maximize the expected 
end-of-period return on the foreign exchange 
portfolio. Under efficient market conditions, 
only the contribution of the currency to the 
total risk of a portfolio should influence the 
value of the currency. All other risks (unsyste- 
matic risk) can be eliminated by holding a 
diversified portfolio of currencies. Unless the 
price movements of two currencies are per- 
fectly positively correlated, any variation in the 
exchange rate of one that is not accompanied 
by an equivalent and simultaneous change in 
the rate of the other will lead to a reduced 
combined variation between both currencies. 
In other words, the combined variation of the 
two currencies will be less than the sum of the 
fluctuations in both exchange rates indivi- 
dually. The total risk of the currency portfolio 
is thus a function of the level of correlation 
among all currencies, the volatility of all cur- 
rencies individually, and the proportion of each 
currency to the base currency equivalent sum 
of all currencies in the portfolio (i.e. the relative 
importance of each currency in the portfolio). 
In this portfolio-context, the objective of 
foreign exchange management is defined as the 
minimization of exchange risk to the company, 
i.e. to minimize the variance of the company’s 
foreign currency portfolio subject to the costs 
incurred by hedging. 

Hedging reduces variance caused by 
exchange rate changes but entails costs to the 
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company. Therefore, one should concentrate 
on the relationship between the expected value 
and the variance of the company’s foreign 
exchange portfolio at the end of the planning 
horizon. A portfolio model will now be devel- 
oped to trace out the expected value-variance 
frontier for the company’s foreign currency 
portfolio. 


STATEMENT OF THE PROBLEM 


The hedging problem can be formulated and 
solved as a decision problem. The data inputs 
required for the solution of the problem are: 
(a) a set of known variables (spot and forward 
exchange rates, domestic and foreign interest 
rates) and a set of variables assumed to be 
known (the foreign exchange exposure of the 
company): and (b) a set of unknown random 
variables (the future spot exchange rates for 
every currency in the portfolio at the end of 
the planning period). The decision variables are 
the amounts to be hedged in every currency 
in order to reduce the portfolio’s variance to 
a selected level. These three sets of variables 
produce an uncertain value, V, ie. the value 
of the company’s foreign exchange portfolio at 
the end of the planning horizon, with expected 
value V and variance W. The hedging problem 
is then set up as the minimization of the vari- 
ance of the portfolio subject to a set of opera- 
tional constraints reflecting a specified maxi- 
mum level of hedging costs and bounds on the 
amounts of hedging transactions. 

Since the risk factor is expressed in quadratic 
terms, the solution technique has a quadratic 
objective function and hence requires quadratic 
programming. The model then chooses the 
amounts to be hedged in every currency to 
produce a desirable combination of expected 
value and variance. The flowchart in Fig. 1 
illustrates the inputs and outputs of the model. 


MODEL FORMULATION 


1. General notation 
The following notation will be used in the 
formulation of the model: 


V = value of the firm at the end 
of the period. 
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Fic. 1. Inputs and outputs of the portfolio model. 


projected local currency 
denominated exposure in 


currency i at the end of the 0515 = 


period. 
subscript denoting the cur- 
rencies in which the firm is 
conducting its business; i.e. 
i=1,2,..., N; wih i=1 
denoting the base currency 
of the company which is 
assumed to be the US dollar. 
In order to be able to 
make a distinction between 


ag 


hy j 


hp 


hs i 


future spot rate for currency 
b5 P26. 1g Ni 

forward exchange rate for 
currency i; i = 2,..., N. 
amount of exposure in cur- 
rency i hedged in the forward 
market; i = 2,..., N. 
amount of exposure in cur- 
rency i hedged in the Euro- 
currency market;i = 2,...,N. 
amount of exposure in cur- 
rency i hedged in the locai 
money market; i = 2,..., N. 


long and short positions in [1,.;;4,;] = lower and upper bounds of 


different currency exposures, 
we add the following con- 
ventional notation: 


hedging transactions in the 
forward market for currency 
i. 


[13:42] = lower and upper bounds of 


= 1 for the base currency 
= 2, 3..., n for currencies 
in which the company 


hedging transactions in the 
Euro-currency market for 
currency i. 


has a long exposure [0;u3;,] = lower and upper bounds of 


n+1,n+2,..., N for 
currencies in which the 
company has a_ short 
exposure 


So; = Spot rate for currency i; 
Pm 2.5 MN 


hedging transactions in the 
local money market for cur- 
rency i. 


TC = transaction costs per unit 


amountofhedging(i.e. broker- 
age fees, information costs 
and administrative costs). 





Soenen—Portfolio Model for Foreign Exchange Exposure Management 


TC, = unit TC in the forward mar- 
ket, expressed as a percent- 
age of the hedging volume. 

TC, = unit TC in the Euro-cur- 
rency market, expressed as a 
percentage of the hedging 
volume. 

TC, = unit TC in the local money 
market, expressed as a per- 
centage of the hedging 
volume. 


Note: We assume that all hedging transactions 
are taken at the beginning of the period. 
It is also assumed that there are no odd- 
day forward contracts and that all con- 
tracts are held to maturity. 


r; = Euro-currency interest rate 
for currency i; i= 1, 2,..., 
N with r, = Euro-dollar in- 
terest rate. 

R; = local money market interest 
rate for currency i; i=l, 
2,..., N; with R, = US in- 
terest rate. 


2. The one-currency case 


To illustrate the derivation of the model, we 
consider the three hedging alternatives (for- 
ward market, Euro-currency market, local 
money market) consecutively and this for only 
one foreign currency (e.g. DM). Hence, X 
denotes the exposure in DM, assuming a long 
position (X > 0). 

The end-of-period value of the firm (ignoring 
the fraction expressed in domestic currency, i.e. 
US $) is then: V = Xs, 

Hedging in the forward market. The value of 
the foreign currency (DM) exposure at the end 
of the planning period as a function of the 
amount hedged can be represented as: 


V= Xs, + (hy oSy san hysy ae hy TC, So) 


V= Xs, + hylos, — 5, — TC,S) 


Hedging in the Euro-currency market: Hedg- 
ing a long position in a foreign currency con- 
sists of borrowing the foreign currency, con- 
verting these funds into the base currency ($) 
and investing them in the money market at 


the going rate (i.e. T-bill rate). 


V= Xs, + [h2So(1 + rs) - hi(1 + rpm), bas h,TC 59] 
= Xs, + h2[so(1 + rs) — (1 + rows; — TC250] 


Similarly, hedging a short position in a foreign 
currency consists of borrowing the base cur- 
rency ($), converting them into local currency 
and investing the proceeds in the money mar- 
ket. Hence, 


V= Xs; + [h2so(1 + pm) a h,(1 + rg)S, —_ h, TC 250] 


= Xs, + ha[so(l + row) — 9,(1 + rs) — TC59] 


Assuming the long-DM exposure X can be 


covered by both hedging alternatives simul- 
taneously, then: 


V = [X ad h, aad (1 + rpm)h2]s; 
+ hy 05} + h3(\ + rs) = h, TC,So _ h,TC 59 


Hedging in the local money market. The pro- 
cedure is exactly similar to hedging in the 
Euro-currency market, only the notation 
changes, i.e. h3, Rs, Rpy, TC3 instead of h, 
rs, "pw and TC). 

The V function is: 

V = Xs, + [hgso(l + Row) — hg(l + Rs)s; — h3TC350] 

= Xs, + hy[so(l + Row) — 5,(1 + Rs) — TC 559] 


Considering the three hedging alternatives 
simultaneously, it can be shown that 


VY = Xs, = hy[s, = 051 + TCS] 
—h,[(1 +rpm)s; — (1 + rg)so + TC2z59] 


—hy[(l + Rpy)s; — (1 + Rs)so + TC 50] 


The expected value of V is the same, except 


that § needs to be substituted for s and the 
variance is 


W= [X - hy — ( + rpw)h2 —_ (1 + Rpw)h3]?s,(W) 


Under the assumption of efficient markets and 
no transaction costs, however, 


(a) TC, = TC, = TC, =0 


(b) 5; = os, (the forward rate is the unbiased forecast of 
the future spot rate) 


. 1+ 
(c) Interest Parity holds: 5, = so = 
1 + "pM 


— 5,(1 + rpm) = So(l + rs) 
and similarly 
§,(1 + Rpm) = So(1 + Rs) 
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The HEDGE’ strategy leads to: 

V= Xs, 

V= XS, = X05, 

W=[X — hy — (1 + rpwh2 — (1 + Rowhs)’s\(W) 

The ‘NO HEDGE’ strategy implies: 

V= Xs, 

V= X95, 

W= X?s,(W) 
Comparing the ‘HEDGE’ with the ‘NO 
HEDGE’ policy under the assumption of effi- 
cient markets and no transaction costs; it can 
be deduced that the right policy is to hedge 
all exposure all the time. The expected value 
of the firm is the same, but the variance of 
the firm’s end-of-period value is reduced under 
the ‘HEDGE’ strategy. The N-currency case 
can be similarly developed and, again, under 


efficient market conditions and zero trans- 
action costs, 


(a) TC; = TC; = TC, =0 
(b) 5,4 = 051 


(c oe +r.) = 5, (1 + 7) 
So,i(I + R;) on §, (1 + R;) 


(a) ep +r) = 5,,(1 +74) 
Soi(1 + Rj) = 5, 4(1 + Rj). 


The ‘HEDGE’ strategy implies: 
= X,+ y Xs, 
i=2 


N 
V= xX, + »y Xi 05) 
i=2 


W = same expression as before 


Under the assumption of efficient markets and 
no transaction costs, ex-ante costs of hedging 
are zero, i.e. one can reduce the variance W 
to zero at no costs. However, ex-post hedging 
costs might differ from zero, but will still be 
relatively small since deviations occur on both 
sides of the Interest Parity line. In practice, 
transaction costs are also non-zero. Figure 2 
represents the relation between the expected 
value of the firm and the variance of this value 
for both ex-ante and ex-post hedging costs 
under the efficient market hypothesis. The ‘NO 
HEDGE’ strategy implies: 
N 


V=X, + ¥ Xisis 
i=2 


N 


V=X,+ ¥ Xios i 
i=2 


N N 
W= y > Xj 051 1X j 051 j COV(S) v5 81) 


i=2 j=2 


Hence, under the efficient market hypothesis 
and no transaction costs, the recommended 
strategy is to hedge all exposed currency pos- 
itions, because compared with the ‘no hedge’ 
strategy, the variance of the value of the firm 
at the end of the period is lower while the 
expected value remains unchanged. 


CONCLUSIONS 


The portfolio approach to foreign exchange 
exposure management makes an explicit con- 
sideration of the inherent relationships among 
the currencies in the company’s foreign 
exchange portfolio. It also considers the costs 
of hedging per individual currency and this for 
three alternative methods of hedging (i.e. 
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Fic. 2. (a) Ex-ante costs of hedging and zero transaction costs. (b) Ex-post costs of hedging 
and positive transaction costs. 
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forward market, Euro-currency market, local 
money market). 

The quadratic programming model traces 
out an ‘efficient frontier’ between the variance 
of the company’s currency portfolio and the 
expected value of this portfolio at the end of 
the planning period. For every point on the 
frontier the program selects the optimal mix 
of hedging activities, ic. the amount of expo- 
sure to be hedged and the method of hedging 
to be used. In doing so, the model chooses the 
optimal amount and method of hedging in 
each currency, minimizing the variance of the 
company’s foreign exchange portfolio, corre- 
sponding to a selected level of total hedging 
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costs (end-of-period expected value of the com- 


pany’s foreign currency portfolio) to be in- 
curred. 
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The research and development project selection process is one of the most difficult and important 
problems faced by management. It is typically complicated by indivisibility of projects and multiple 
and conflicting objectives, in addition to limitations on funding, facilities, and qualified researchers. 
In this paper a case example involving a high technology electrical equipment manufacturer is 
developed to illustrate this problem using zero-one goal programming to accommodate indivisibility 
of projects in addition to multiple and conflicting goals. The model presented is an attempt to 
provide managers with a robust tool for allocating scarce resources among research and develop- 


ment projects. 


INTRODUCTION 

RESEARCH and development operations are 
vital to the growth of organizations in competi- 
tive markets. Decisions concerning these pro- 
jects at their embryo stage can dictate the even- 
tual success or failure of a firm years later. 
While the selection of research and develop- 
ment projects is one of the most important 
decisions facing the firm, it is also one of the 
most difficult. In making this decision, 
managers are faced with the problem of uncer- 
tain outcomes compounded by indivisibility of 
projects and multiple and conflicting objec- 
tives, in addition to limitations on funding, 
facilities, and qualified researchers. 

The existence of multiple and conflicting 
objectives has received wide support in the 
literature, particularly in the R&D project 
selection process. In reviewing the literature, 
Baker [2, p. 166] concludes that “it is clear 
that the R&D project selection decision can 
be characterized as having multiple criteria 
with no common, underlying measure.” Thus, 


the major stumbling block in developing an 
R&D project selection model is the need for 
the model to reflect these multiple goals. This 
paper presents a description and application 
of a zero—one goal programming model to the 
R&D project selection problem, thus allowing 
for goal satisfaction in a sequential and/or 
simultaneous manner. 

While the R&D selection problem has pro- 
duced numerous articles advocating various 
methodologies, it has yet to be adequately 
solved from the point of view of the R&D 
manager. This is reflected by the few quantita- 
tive R&D project selection models that have 
been actually implemented and used [2]. Scor- 
ing models, see [4], have received considerable 
attention in the literature. These models deter- 
mine an overall benefit measure by combining 
various project scores from numerous decision 
criteria, either through addition or multipli- 
cation. However, the conversion of a multidi- 
mensional vector of goals into a unidimen- 
sional goal is by its very nature difficult when 
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these goals are measured in incommensurable 
units. For this reason this approach is not a 
meaningful alternative. 

An alternative approach to the problem of 
multiple conflicting goals where these goals are 
measured in incommensurable units is goal 
programming, see for example [7]. Instead of 
forcing the objective function to take on a 
unidimensional character, goal programming 
through a hierarchical optimization procedure 
allows the various goals to be scalar weighted 
and/or ordinally ranked. Flexibility is thereby 
provided in the determination of an optimal 
solution for management to reflect its indivi- 
dual preferences and policies in a lexicographic 
manner (i.e. the establishment of a system of 
priorities). 

While goal programming provides a logical 
approach to the problem of multiple and con- 
flicting objectives the R&D project selection 
problem is further complicated by the indivisi- 
bility of projects. This leads naturally to a com- 
bination of zero—one integer programming and 
goal programming. Moreover, the use of zero- 
one goal programming enables the R&D 
manager to deal with the complexities of re- 
ality. The introduction of integer programming 
to the model formulation allows for the inclu- 
sion of mutually exclusive projects, and contin- 
gent projects, in addition to requiring integer 
as opposed to fractional solutions. As each of 
these situations is commonplace in capital bud- 
geting problems, their exclusion from the prob- 
lem could lead to suboptimization. 


ZERO-ONE GOAL PROGRAMMING 
APPLICATION 


A case study, based upon a high technology 
electrical equipment manufacturer will be pre- 
sented to illustrate the use of zero—one goal pro- 
gramming. Because the objectives and goals of 
any research and development operation must 
reflect the specific goals of the parent organiza- 
tion, no one goal formulation should be 
expected to fit every situation. Thus, the model 
formulation presented herein is just one of the 
many alternative goal combinations possible. 

The problem for the company is posed by 
the availability of sixteen possible R&D pro- 
jects. The relevant information concerning 
these projects is presented in Table 1. This firm 
is composed of two major divisions—the 
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Atomic, Defense, and Space Division and the 
Electric Utility Division—and because of its 
size is faced with limited R&D funds in addi- 
tion to limited resources with respect to both 
laboratories and qualified researchers in both 
divisions. The firm has two major research 
centers, one in the Mid Atlantic Region specia- 
lizing in electrical utility research and the other 
in the Southeast, specializing in atomic, 
defense, and space research. While some 
research can be accommodated at either loca- 
tion, most utility research is limited to the Mid 
Atlantic center, and most atomic, defense, and 
space research is limited to the Southeastern 
center. 


VARIABLES, CONSTRAINTS AND GOALS 


Decision variables 


The decision variables in the model include 
R&D projects being considered for possible 
adoption. Since fractional acceptance of these 
projects is unacceptable they are expressed as 
zero—one values. In addition, the objective 
function will involve the minimization of devia- 
tional variables from the various goals where 
these deviational variables are scalar weighted 
and/or ordinally ranked. Thus the relevant 
decision variables are: 

x, — 0 if project i is not accepted (i = | 

‘| if project i is accepted 
d~ = The negative slack deviation variable 
d* = The positive slack deviation variable 


Strict constraints 


The use of the zero—one goal programming 
approach allows for the inclusion of mutually 
exclusive projects, in addition to requiring in- 
teger as opposed to fractional solutions. Pro- 
jects X, and X49 are mutually exclusive 
because they both require the use of the same 
specialized laboratory equipment. In addition, 
the research on three projects can be per- 
formed at either of the two research facilities. 
Thus, because of the limited research facilities, 
these projects are included twice in the model, 
with their research being performed at each 
facility. They are X, and X,, X, and Xz, and 
X19 and Xo. These mutually exclusive pro- 


jects are represented by the following equa- 
tions: 
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(In a similar manner, if the acceptance of 
project X, is dependent upon the prior accept- 
ance of project X; perhaps because project X, 
is an extension of project X;, X, — X; < 0.0.) 


Goals 


_ R&D budget goal. The level of resources 

available for R&D projects is generally limited 
by a budget constraint; in this study, the R&D 
budget goal provides for an expenditure ceiling 
of $2,100,000 on new R&D projects, i.e. 


$220,000, + $220,000X, + $90,000X, + $300,000X, 
+ $390,000X, + $310,000X,, + $280,000X , 
+ $280,000X , + $140,000X, + $340,000X ,, 
+ $320,000X,, + $170,000X,, + $220,000X, 
+ $200,000X 4 + $100,000X,, + $300,000X ,, 
+ $330,000X, + $250,000X,, + $420,000X ,o 
+ $420,000X 5 — dv < $2,100,000. 


This goal is achieved through the minimiza- 
tion of dj. 

Physical facilities goal. Not only are R&D 
activities limited by constraints on funding, but 
also by limited research facilities. If, for 
example, the research activities associated with 
specific subsets of the projects being considered 
must be performed at specific research labora- 
tories or involve the use of specific research 
machinery for certain lengths of time, then the 
project acceptance process will be constrained 
by the total capacity of the research labora- 
tories or machinery. The number of physical 
facilities constraints that exist will reflect the 
number of limited facilities for which the R&D 
projects are vying. 

In the case study, it was desired that the new 
projects being selected do not require more in 
the way of physical research facilities than are 
_ available at the firm’s two research centers. 


O.18X, + 0.14X5 + 0.24X4 + 0.28X, + 0.35X, 
+ 0.23X; + 0.20X5 + 0.23X 19 + 0.21X), 
+ 0.31X 5 — di < 1.00 
0.15X> + 0.20Xg + 0.25X,, + 0.20X,, + 018X144 
+ 0.14X 15 + 0.19X 16 + 0.28X 17 + 0.23X 15 
+ 0.31X 29 — dj < 1.00. 


This goal is achieved through the minimiza- 
tion of dj and dj. 

Maximum manpower goals. The unavailabi- 
lity of qualified researchers may also force the 
firm to further limit the acceptance of R&D 
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projects. Due to the shortage of talented 
researchers, the firm may wish to establish an 
upper limit on the number of research person- 
nel needed to manage new R&D projects. 
Alternatively the management might specify 
some absolute limit on R&D project expendi- 
tures which can be adequately managed with 
the available research manpower. 

For a particular firm, if the research person- 
nel are not of a homogeneous nature, that is, 
different projects require different types or 
categories of researchers, then there would be 
as many of these goals as there are different 
categories of researchers. Each goal would 
limit the manpower needed in a particular 
research category created by the acceptance of 
new projects to the maximum available 
research personnel for the category. 

In the study, the management wishes to en- 
sure that the new projects being selected do 
not require more in the way of qualified 
researchers than are available at the two 
research centers. There were 22 researchers 
available at research center I and 25 
researchers available at research center II. 


5X; + 7X3 +9X4+ 9X5 + 5X6 + 6X, 

+ 2X9 + 4X19 + 5X4, + 8X19 — dg < 22 
5X, + 6X_ + 3X1. + 8X 134+ 4X14 + 4X15 

+ 2Xig + 7X47 + OXy9 + 8X4 — as < 25. 


Achievement of this goal is obtained through 
the minimization of the positive deviational 
variables. 

Priority projects goal. The management of 
the firm may have certain projects which it 
feels are of utmost importance. This being the 
case, it may feel it desirable to accept at least 
One or more projects from some subset of pro- 
jects. 

In this example, management is quite con- 
cerned with improving its position in the space 
and defense areas and thus wants at least two 
projects selected from the set of projects X., 
X6, Xo, X19, and Xj;. 


Xs+Xot+Xot+ Xy9 + X14, +d6 >2 


The minimization of dg reflects this goal. 

Offensive-defensive project balance goal. 
R&D projects are often categorized as being 
either offensive, concerned with new project de- 
velopment, or defensive, concerned with im- 
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provements in existing projects. In general, 
firms attempt to achieve a reasonable balance 
between these categories of projects in order 
to ensure that current products are periodically 
upgraded and to ensure the development of 
new products. This goal can be represented by 
forcing a minimum dollar amount to be spent 
in each category or providing for the accept- 
ance of a minimum number of projects from 
each category. 

In this situation, the firm wishes projects to 
be spread between defensive and offensive pro- 
jects. Specifically, they wish at least five defen- 
sive and three offensive projects to be adopted. 


X3+Xgt+X5t+Xot+Xi1+ X16 
+Xi7+Xigt+ dz > 30 
X, + X.+X7+Xgt+Xot+ X10 + X12 
+Xi3t Xig t Xis + X19 + X20 + dg 2 5.0. 

Negative deviational variables, d; and dg, 
are minimized in this goal. 

Risk spreading goal. Because the probability 
of success on R&D projects varies greatly, it 
may be desirable to ensure that all projects 
selected are not of the highest risk level, or 
alternatively, to provide for some minimum 
level of expected success in the set of projects 
selected. This could be implemented either by 
categorizing projects by risk class and simply 
limiting the number of projects selected in the 
higher risk level or setting a minimum on the 
number of projects being selected in the lower 
categories. Alternatively, the firm could set a 
minimum for the sum of probabilities of suc- 
cess of projects being selected. In either 
approach the firm would force the acceptance 
of some of the less risky projects. 

The policy adopted by management in this 
study requires the sum of the probabilities of 
success of new projects being selected to be 
at least 2.00 or more. 


0.30X, + 0.30X, + O.18X,; + O10X, + O.15X, 
+ 0.23X, + 0.35X7 + 0.35X 4 + 0.30X, + 0.25X 16 
+ 0.20X,, + 0.30X,, + 0.33X,5 + 0.30X 4,4 
+ 0.33X 15 + O.18X 6 + O.10X,, + O18X yg 
+ 0.40X 19 + 0.40X 39 + dg > 2.00. 


Goal achievement is reflected by the minimi- 
zation of dg. 

Sales goal. The firm may desire that the in- 
crease in expected average annual sales over 
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the 10-year period following the completion of 
the selected projects be greater than or equal 
to some level. This desired sales increase may 
be for the firm as a whole, for each division, 
or for particular product markets. 

In the illustrative case the firm wishes the 
increase in expected average annual sales from 
the acceptance of new projects in the atomic, 
defense, and space division and electric utility 
division for the 10-year period after the com- 
pletion of the projects to be $750,000 and 
$500,000 respectively. 


0.3($420,000)X , + 0.3($420,000)x , 
+ 0.18($250,000)X + 0.10($1,500,000)X , 
+ 0.15($1,233,000)X , + 0.23($674,000)X , 
+ 0.35($428,000)X, + 0.35($428,000)X, 
+ 0,30($223,000)X, + 0.24($660,000)X , 9 
+ 0.20($750,000)X ,, + dip > $750,000 
0.30($300,000)X ,, + 0.33($303,000)X;, , 
+ 0.30($333,000)X 4 + 0.33($136,000)X , , 
+ 0.18($833,000)X ,, + 0.10($1,550,000)X , , 
+ 0.18($666,000)X , , + 0.40($550,000)X , 4 
+ 0.40($550,000)X 35 + dy, > $500,000. 


The achievement of these goals is accom- 
plished by minimizing dj» and djy. 

Market share growth goals. The firm may 
also wish to secure an expected average annual 
increase in their share of one or more particu- 
lar markets. The existence of a market share 
growth goal draws support from the Kaplan, 
Dirlan and Lanzillotti [6] study, in particular 
the Pacific Tea Company, Swift and Company, 
and Standard Oil Company cases. There will 
be as many of these goals as there are markets 
in which the firm desires to increase its share. 

The firm wishes to secure an expected aver- 
age annual increase in market share over the 
10-year period following the completion of the 
projects in the atomic equipment and steam- 
powered electric utility markets of 2.8 and 2.2% 
respectively. 


0.30(2.67)X , + 0.30(2.67)X, + 0.18(0.50)X , 
+ 0.15(8.0)X 5 + 0.23(3.47)X_ + 0.35(2.857)X, 
+ 0.35(2.857)X 5 + dy, > 2.80 
0.30(2.00)X , > + 0.33(2.27)X ,3 + 0.30(2.33)X 14 
+ 0.33(1.12)X 15 + 0.40(3.50)X 5 + 0.40(3.50)X 5, 
+ dy; > 2.20. 


Goal achievement is represented by the 
minimization of d;, and dj3. 





350 


Maximization of net present values. The man- 
agement also desires to maximize the net 
present value of the set of R&D projects it 
selects. This is done through the minimization 
of dy4. 

$180,000X , + $180,000, + $40,000X , 
+ $70,000X , + $100,000X , + $130,000X, 
+ $80,000X , + $80,000X , + $110,000X, 
+ $130,000X ;5 + $60,000X,, + $40,000X,, 
+ $110,000X,, + $70,000X ,4 + $30,000X,. 
+ $80,000X ,, + $70,000X,, + $110,000X,. 
+ $140,000X ,o + $140,000X 25 + dy, > $10,000,000. 


OBJECTIVE FUNCTION 


The objective function for the R&D r~ ject 
selection problem involves the minimization of 
the appropriate deviations which are weighted 
and/or ranked in a manner dictated by the 
firm’s management. A company, depending 
upon its particular environment and goals, 
may desire a unique model formulation and 
subsequent objective function. Fortunately, the 
zero-one goal programming technique is 
robust enough to accommodate unlimited vari- 
ations. 

In this study the firm’s management has de- 
veloped the following priority structure for the 
R&D project selection model: 


Priority 1: R&D Budget Goal 

Priority 2: Physical Facilities Goals 

Priority 3: Maximum Manpower Goals 

Priority 4: Priority Projects Goal 

Priority 5: Offensive-Defensive Project Balance 
Goal 

Priority 6: Risk Spreading Goal 

Priority 7: Sales Goal 

Priority 8: Market Share Growth Goals 

Priority 9: Maximization of Net Present Value. 


This priority structure results in the following 
objective function: 


Minimize Z = P,dj + P,[d} + dj] + P3[dz + dz] 
+ Padg + Ps[dz +dg]+ Pedg + Pr[djo + dj, ] 
+ Pg[di2 + dj3] + Podig. 


The priority structure and subsequent objec- 
tive function formulation evolves from the 
firm’s preferences and desires with respect to 
the selection of new R&D projects. In addition, 
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the use of preemptive priorities in the objective 
function reflects the firm’s desire to have the 
various goals treated in a lexicographic man- 
ner. As this model formulation reflects the indi- 
vidual preferences and desires of one particular 
firm, it should not be construed as the only 
possible valid model formulation. Each firm, 
because of its particular decision environment, 
will have its own individual model formulation 
and goal priority structure. Thus, the objective 
function must be viewed as being relevant only 
to the firm for which it applies. 


MODEL RESULTS 


In total, the zero—-one goal programming 
model involved twenty variables, five system 
constraints, fourteen goal equations, and an 
objective function. The model was solved by 
the Lee and Morris algorithm, based upon the 
implicit enumeration method of Balas [3] and 
the backtracking technique of Glover [5]. The 
solution to this problem involved the accept- 
ance of eight projects: 


X, = Improvement on main coolant pumps—atomic 
energy plants 

X4 = Aerospace power conditioning and conversion 
equipment 

X = Nuclear reactor core components for naval ap- 
plications 

Xg = Inproved pump for controlled circulation boiler 
on atomic energy plants 

X., = Improved tracking and discrimination system 

X 2 = Improved surface condenser-steam division 

X 1, = Printed circuit modules 

X29 = Improved nuclear steam generator 


The model completely satisfied the first six 
goals (P, through P,); however, it failed to 
satisfy goals P, through Py. The degree of un- 
derachievement experienced was as follows: 

Priority 7: Underachievement of $172,400. 
The desired increase in expected average 
annual sales from the acceptance of new pro- 
jects in the atomic, defense, and space division 
of $75,000 fell short by $102,280, and the 
desired increase in expected average sales from 
the acceptance of new projects in the electric 
utility division of* $500,000 fell short by 
$70,120. 

Priority 8: Underachievement of 0.401%. 
The desired expected annual increase over the 
ten-year period following the completion of the 
projects in the atomic equipment and steam 
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powered electric utility market of 2.8 and 3.0% 
respectively from the acceptance of new pro- 
jects fell short by 0.20095% in the atomic 
equipment market and 0.2% in the steam 
powered electric utility market. 

Priority 9: The net present value of the pro- 
jects selected was $860,000. 


IMPLEMENTATION 


The output of the zero—one goal program- 
ming model was used by the management as 
an additional decision making tool rather than 
a strictly binding decision. As a result the ulti- 
mate selection of projects by management pro- 
duced a set of projects that closely paralleled 
those identified by the zero—one goal program- 
ming model. The use of the model and its sub- 
sequent results were viewed favorably by man- 
agement in that it forced them to define and 
establish goals, required a quantification of the 
resulting benefits, and provided a guideline in 
the selection process. 


CONCLUSION 


The research and development project selec- 
tion process is one of the most difficult and 
important problems faced by management. It 
is typically characterized by indivisibility of 
projects, multiple and conflicting objectives, 


measured in incommensurable 


units, and 


resource limitations on finding research facili- 
ties and qualified researchers. Because of the 
importance of these constraints and complica- 
tions, they must be included in the modeling 
process in order to provide meaningful results. 
The zero-one goal programming approach 
provided here allows for each complication. 
This model has been an attempt to provide 
managers with a robust tool for allocating 
scarce resources among research and develop- 
ment projects. 
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An Exercise In Probability Encoding 


THE PURPOSE OF ENCODING 


DECISION theory has been developed as a systematic 
methodology for decision-makers to apply in weighing 
alternative courses of action in the face of uncertainty 
[2]. Apart from mapping out a set of events branching 
from nodes in a decision tree, the decision-maker needs 
to be explicit about two issues: first, about his attitude 
to risk, and secondly about the probability that a given 
event or outcome in the tree will materialise. Surveys 
on the use of decision theory in practice suggest that 
one of the problem areas encountered by practitioners 
is the assessment of probabilities and probability distri- 
butions (see, for example, [1]). Proponents of decision 
theory recognise this difficulty, and typically echo the 
argument of Staél von Holstein [4]: “There is substan- 
tial evidence that people do not respond to uncertainty 
in perfect consistency with the axioms of probability. 
Sometimes it is also clear that the responses do not 
agree with the underlying judgement, even though they 
may be internally consistent. It is therefore important 
to develop efficient procedures for probability encod- 
ing, that is, the process of extracting and quantifying 
individual judgement about uncertain quantities.” 

Numerous psychological experiments to assess man’s 
ability to act as an ‘intuitive statistician’ and to estimate 
probability values have been carried out, and some 
references are listed in [3]. Most of these experiments 
have been carried out in a laboratory environment and 
their results may therefore be regarded by some as 
being of very limited value. However, it is rather doubt- 
ful whether data collection can be properly carried out 
for decision situations in real life; not only would it 
be difficult to compare actual outcomes with prior 
probability estimates when circumstances following 
decisions change prior to the outcomes being ascer- 
tained, but the inevitable passage of time during which 
observations are recorded leads to changes in the deci- 
sion-makers themselves, so that their responses to 
stimuli cannot then be aggregated to simple statements 
about their ability to estimate probabilities. 

Furthermore, it is clear that when an analyst cross- 
examines decision-makers for the purpose of determin- 
ing probability distributions, various motivational and 
cognitive biases play a part [3]. As stated earlier, 
encoding procedures are designed for the purpose of 
extracting information about an individual assessment 
of probabilities, values or both [3]: 

“P-methods require the subject to respond by speci- 
fying points on the probability scale while the values 
remain fixed. 

V-methods require the subject to respond by specify- 
ing points on the value scale while the probabilities 
remain fixed. 

PV-methods ask questions that must be answered on 
both scales jointly; the subject essentially describes 
points on the cumulative distribution”. 


Of these, it is arguable that P-methods are less suscep- 
tible to motivational bias than methods that require 
assessments of values, and it therefore follows that 
laboratory-type experiments that concentrate on the 
assessment of probabilities are better suited for an 


examination of people’s cognitive ability than observa- 
tions of decision-makers in action. 


THE PROBABILITY WHEEL 


How are probability values determined? A popular 
encoding technique involves the use of a probability 
wheel, described by Spetzler and Staél von Holstein 


(3): 


“The probability wheel is one of the most useful tools 
we have discovered for encoding indirect responses 
from subjects. The wheel is a disk with two adjust- 
able sectors, one blue and the other orange, with 
a fixed pointer in the middle. ... A simple adjustment 
changes the relative size of the two sectors and there- 
by also the probabilities of the pointer indicating 
either sector when the disk stops spinning. The sub- 
ject is asked which of the two events he considers 
more likely—the event relating to the uncertain 
quantity (for example, the event that new year’s pro- 
duction will not exceed x units), or the event that 
the pointer ends up in the orange sector. The amount 
of orange in the wheel is then varied until the subject 
finds the two events equally likely. The relative 
amount of orange is then assigned as the probability 
of the event”. 


It is arguable whether such an encoding technique 
requires us to presuppose that an individual with a 
highly developed cognitive ability in comparing two 
events (the one relating to the matter under discussion 
and the other associated with the wheel in front of 
him) must also be capable of a quantitative assessment 
of the relative magnitude of the two sectors on the 
wheel. There are two reasons for this assumption: first, 
it would be difficult to explain how an individual who 
is poor in estimating the relative size of areas can be 
good at the much more complicated task of assessing 
probabilities of future events (and it would certainly 
be difficult to test such a contention); secondly, the 
ability to estimate relative areas can be objectively 
tested, whereas probabilities of future events must 
depend on subjective assessment by the individuals in 
question. 


AN EXPERIMENT AND 
SOME RESULTS 

Twenty slides were prepared, each showing an area 
divided into two sectors, one hatched and the other 
blank (see Fig. 1). The slides were shown, one at a 
time (and in the order presented in Fig. 1) to 62 indivi- 
duals (all post-graduate students in management 
science, some with industrial experience), asking them 
to estimate the percentage of the hatched areas. 

The results are summarised in the histograms in 
Fig. 2, where deviations from the actual values are 
shown, and in Table 1, giving the number of overesti- 
mators and underestimators as well as the average 
error for each group. 

These results suggest a wide spectrum of variability, 
not only in the range of values covered by the histo- 
grams, but also in the preponderance of overestimators 
in some cases contrasted by the preponderance of 
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underestimators in others. The cognitive ability of an in- 
dividual may well be affected by the shape of the area 
shown in the slide, but the actual value of the hatched 
area appears to be a dominant factor as well: most 
of the estimates are multiples of five and peaks in the 
histograms coincide with these points (they are high- 
lighted by arrows shown on the histograms; for 
example, in slide no. 1 the actual value is 22°/, so that 


the nearest multiples of five lie at 20°, and 25°, involv- 
ing estimating errors of —2 and +3 respectively, as 
shown on the histogram for slide 1). Hence slides 2 
and 4, for which the actual value is 50°,, generated 
relatively few errors, and similarly other slides with 
actual values which are multiples of five had a fairly 
high number of correct estimates, although in some 
cases their number was almost matched or even 
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Fic. 2. Histograms of results of 62 respondents 
(Notes: the abscissa shows the absolute error in esti- 
mating, the ordinate gives the frequencies, and the 

arrows indicate multiples of 5 in the estimates) 


exceeded by the number of overestimators (as in slides 
14, 17 and 20). 

Only five slides (Nos. 7-11) resemble the probability 
wheel, while a sixth slide (No. 12) has two hatched 
segments (instead of one) in a disk. The results do not 
suggest that the cognitive ability of subjects faced with 
the disks whown in these slides was superior to that 
when faced with rectangular segments hatched in 
square areas (as in slides 1-6). The preponderance of 


those estimating in multiples of five for slides 7-12 is 
again evident in the histograms in Fig. 2. 

Users of the probability wheel and similar devices 
in encoding procedures should therefore be aware not 
only of the difficulties that some decision-makers find 
in maintaining consistency in their estimates, but also 
of the bias which may creep in, caused by the device 
itself and/or by the numerical value of the probability 
being estimated. 
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1. In two cases only 61 participants responded. 
2. Estimates to the nearest integer above or below were regarded as involving 0°, error. 
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On Normative Policy Models in 
Developing Countries 


DEVELOPING countries pose a peculiar challenge to 
management science. The wide need-availability gaps, 
inefficient administrative systems and processes, poor 
performance of programmes—all indicate a tremendous 
scope for management science applications. The scope 
for management science intervention is the greatest in 
public systems, especially those focusing on basic 
human needs. The political-administrative culture, 
value orientations of individuals and inadequate infra- 
structure of these public systems, however, militate 
against the use of formal management science methods. 

In this context, the search for appropriate manage- 
ment science style for developing countries assumes sig- 
nificance [2]. There is well-founded skepticism about 
the applicability of formal, normative decision models 
to public systems in developing countries [5]. One 
school of thought even maintains that adaptive and 
heuristic administrative decision processes are not only 
more appropriate but also more optimal than formal 
and normative approaches [1, 4]. 

Some observations of policymakers trying out a nor- 
mative policy model indicate that such models are use- 
ful if employed in selective situations. The experience 
with one such model is reviewed here. 


THE PROBLEM AND THE MODEL 


The model was developed as an analytical policy for- 
mulation approach for essential commodities in India 
[3]. The term ‘essential commodity’ refers to mass con- 
sumption items which are frequently purchased and 
account for a substantial portion of the consumption 
expenditure of poor people. Government policymakers 
had resorted to several measures over a period of three 
decades to influence the availability, quality and prices 
of such mass consumption items. 

The proposed normative model [3] was a structured 
and analytical approach which required the policy- 
makers to go through the following steps: 


(1) Selection of commodities requiring policy attention. 


(2) Analysis of consumption, distribution, production 
and physical characteristics of these commodities. 


(3) Specification of a range of policy objectives and 
possible policy instruments. 


(4) Establishing the importance of various policy objec- 
tives for the selected commodities. 


(5) Assessing the effectiveness of policy instruments in 
achieving various policy objectives. 


(6) Derivation of the mix of potentially effective instru- 
ments for the selected commodities. 


The procedure required systematic application of 
judgement and structured proforma were provided to 


aid the policymaker. The approach was favourably 
received when presented to policymakers in a seminar. 


TRIAL AND OUTCOME 


To assess the utility of the approach to policymakers 
in the field, four senior administrators were personally 
approached to ‘try out’ the approach by simulating the 
policy making for essential commodities selected by 
them. Two of the administrators were willing to discuss 
policy making in general but politely refused to simu- 
late with the normative model. They did not have much 
faith in normative policy models. The other two admin- 
istrators were willing to try out the normative model. 
One used it for arriving at policy regarding wheat and 
lentils; the other for devising policy regarding edible 
oil and soap. They found the normative approach easy 
to use, logical and stimulating. They made several 
suggestions for the improvement and application of the 
normative model: 


(1) Background material in the form of empirical data 
about the commodities and past effectiveness of 
various policy instruments should be provided to 
policymakers. 


(2) A glossary of terms used in the normative model 
should be provided so that these terms are uni- 
formly understood and applied. 


(3) The model is likely to be more useful in situations 
where previous policy experiences are limited. 


(4) The model can be useful at various levels of policy 
making and implementation. 


(5) The systematic normative approach can be a valu- 
able training device for inducting new officials in 
the machinery of policy making and implemen- 
tation. 


CONCLUSION 


To the extent that the above observations are gener- 
alizable, it appears that in developing countries, norma- 
tive policy models are useful to some policymakers for 
selective purposes, if empirical and expository backup 
is provided. If this be the case, the task of the manage- 
ment scientist in developing countries is to discover 
‘zones of vulnerability’ and inject management science 
inputs through those zones. 
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Normal Approximations for the Greater of 
Two Normal Random Variables 


IN PRODUCTION or project applications of network 
analysis, one often encounters situations such that the 
completion time t is stochastic and knowledge of the 
probability density function (pdf) of t is required. In 
networks consisting of parallel paths, ¢ is determined 
by the maximum of the time required for events on 
each path. 

We will further define the setting by requiring that 
t be determined by the completion of independent pro- 
cesses. Thus the time to completion is the greater of 
the times to completion of the two processes, t, and 
t,. The determination of the pdf of t then depends upon 
the probability distributions for the timing of these two 
processes. We will assume their distributions are nor- 
mal and will specify conditions under which the pdf 
of t is approximately normal. 


Deriving the true distribution 
Setting 
t = max(t,, ty), 


let us identify the cumulative distribution functions of 
t, t, and t as F, G and H respectively. Finally, let: 


f(t) = F(t), 
From order statistics, we know that 


H(t) = F(t)G(t), 
and hence 


h(t) = F(t)g(t) + f()G(0). 
If both f(t) and g(t) are normal distributions, F(t) and 
G(t) are integrals which cannot be expressed in closed 
form. The form of h(t) is, therefore, complex and diffi- 
cult to manipulate. 


The normal as an approximation 


Clark [1] has provided formulas for determining 
moments of the distribution of t. However, as explained 
earlier, applications often require complete specification 
of the pdf and there is therefore a need to determine 
a manageable approximation to h(t). 

The existence of a close and easily developed approx- 
imation depends upon the relative locations and rela- 
tive dispersions of the distributions of t, and t,. We 
seek combinations of means and standard deviations 
of the distributions of t, and ft, such that we can ap- 
proximate the distribution of t by a normal distribution 
with mean and standard deviation as found with 
Clark’s formulas. 

Because relative means and standard deviations are 
the determining factors, we can choose one of the two 
normal variables to have mean zero and standard devi- 
ation one. Where E(t,) < E(t,), we arbitrarily identify 
t, as the standard normal variable and allow the par- 
ameters of the normal distribution of t, to vary. Each 
pair of values for the mean and standard deviation for 
tz provides a case for testing the appropriateness of 
the approximation. 

To begin, we used Clark’s formulas to calculate the 
mean and standard deviation of the distribution of t 
with 176 different combinations of the mean and stan- 


dard deviation of t,. The 176 situations represent com- 
binations of 16 means and 11 standard deviations for 
t,. The values calculated are presented in Table 1. 

The next task was to examine the prospects for using 
a normal distribution with the parameters from Clark's 
formulas as a surrogate for h(t). The general approach 
was within the context of a goodness-of-fit test. How- 
ever, it should be made clear that a statistical test in 
the ordinary sense is inappropriate. We know that h(t) 
is not normal. Rather, we interpret a low level of signifi- 
cance for rejecting normality as implying that the 
degree of difference between h(t) and the normal against 
which it is compared is relatively large and vice versa. 

We took each ‘hypothesized’ normal and cut it into 
bands or histograms with width of one-tenth of a stan- 
dard deviation. Then we calculated the area in each 
of these bands. The next step was to use H(t) to deter- 
mine the actual area of bands with the same locations 
as the ones in the ‘hypothesized’ normal. If the ‘hypoth- 
esized’ normal were identical to h(t), the corresponding 
band areas from the two distributions would be identi- 
cal. 

The principal source of differences between the two 
distributions is the skewness of h(t). For relatively large 
values of o(t,) the source of the skewness is the density 
which is being ‘thrown’ to the right side of the distribu- 
tion by dispersion. As o(t,) grows smaller this type of 
skewness diminishes and the normal becomes a better 
approximation. However, when o(t,) goes still smaller 
a new source of skewness appears. The distribution is 
becoming truncated, as it were. 

The final step was to interpret the differences via 
a goodness-of-fit test. The results of the test can give 
a quantifiable indication of the relative accuracy of the 
approximation. Note that the difference figures are the 
expected values of the differences which would result 
from taking very large samples from the two distribu- 
tions. We can, therefore, achieve internal consistency 
in the analysis by assuming the differences resulted 
from some arbitrary sample size; we chose N = 10,000. 
The test we used was the Kolmogorov—Smirnov one- 
sample test (see Conover [2]). Table 2 presents the 
results (note: Hy is normality). 

Clearly, for near-zero values of E(t,) and for large 
or very small values of o(t,), the normal is a poor 
approximation. It is also interesting to note that the 
pattern mentioned above is very evident in Table 2. 
The rejections in the cells of the lower left-hand corner 
indicate the rejection pattern as E(t,) moves toward 
zero. The block of cells in the lower right-hand side 
indicate the rejection pattern as o(t,) approaches zero. 


An illustration 


To illustrate practical use of Table 2 consider the 
following situation. The analyst determines two paths 
through a network that can be described as indepen- 
dent normal distributions. The time to completion is 
therefore the maximum of the two. Path A has a mean 
of 12 days and a standard deviation of 2.4 days. Path 
B has a mean of 16 days and a standard of 2 days. 





T8E8S'0 8£S6S'0 6L879'°0 $8089°0 S9LbL'O S9S78'0 961160 vrvo0'l SSTOtl 9TZOT'T 9PSO0e Tl 
v686E°0 v890r'0 L967V'0 vcS9v'0 0601S'0 61v9S'0 L1€c9'0 L€989°0 CLTSLO Lvizs0 90768°0 


760S9°0 08LS9°0 98829°0 S9vILO 187920 €8L78'0 6$106°0 76E860 €6cL0'T TIL9TT 8cS9T I 
0690€'0 porTe'O SOLEEO LOTLE'O TILTv0 T869F'0 L787S'0 0016S°0 $69S9°0 vescLo €9S6L°0 


vevIL oO CSLILO OL87L'0 990SL'0 996820 OTHE ¥TS68°0 ¥6996'0 87LP0'T SPbETT 90LCT'T 
vrOETO pLLec oO L68S70 S€T6T'O cTOSEEO 1998¢'0 6btrr0 €8P0S'0 8$69S'0 769€9'0 O0£€90L'0 


LOTLL'0 OLTLL0O 8£9LL°0 812820 L0608°0 v7vP3'0 987680 IL€S60 96r70'T 69p0T I SIT6rl 
L989T'0 OESLTO 89610 OSScCT'O L6S97'0 CCVIE'O 8S89£°0 69LTV'0 9v06r'0 O19ss'0 66£79°0 


TIET3'O 961780 1€078°0 v9TT80 6LE£8°0 9TLS8°0 T1680 8Trb6'0 61900'T $08ZL0'T cOssT'T 
1ZOcT'O 86ST1°0 votrto 190Z1°0 9¢L0T'0 £Icsc0 STe0e0 9T6SE°0 6t6lv'0 OLT8P'0 SS8PS'0 


$9998'0 Ivv98°0 9£6S38°0 pLSss0 6S8S3°0 LOCL8'0 1$868°0 SP8t60 $0166°0 LLvso'l S8L7I' I 
cee80°0 $1880°0 v9TOT'O €S9cl'0 076S TO ¥9661'0 899¢7'0 $1667°0 yoose’0 8P9TrO 186L¢°0 


Lv¥c060 ¥L668°0 L8768°0 TSS88'0 CHT88°0 10888°0 L¢€s060 L8S¢60 £v6L60 S6veO'l L800T'T 
O19S0°0 00090°0 981200 761600 TT0cTO v6sst'O cS861°0 L89P7'0 £000£'0 SILS¢0 cSLIvV'O 


680£60 608760 $9076°0 6c 1160 vrr06'0 717060 L6t160 809£6'0 ITIZ60 PSs8lol 9ILLOT 
L99£00 696¢0°0 $0670'°0 9¢$90'0 90680°0 OTOcI'0 96LST'0 S8107'0 £60S7'0 SEvoe 0 Ivl9¢°0 


197S60 £00$6°0 687760 STEe60 60¢76'0 896160 19€760 TS8£6'0 $LS960 TPhSO0'T SL9SO'l 
v7ETO'O 6¢S7c0'0 c9TE0'0 Lvsvo'0 L8¢90°0 L11600 €cvelO Ose9T'0 ¥7807°0 OLLSTO STTIEO 


68960 09960 600960 v80S60 SOlv6'0 TIPE60 s9tco0 C9CV6'0 £67960 €¢$660 SS6£0'T 
8cr100 68S 100 TIIZO'O £60£0°0 6£970'0 07890°0 ¢$960°0 9TTETO 9vILIO 8L9170 vr99T'O 


3 
3 
= 
3 
~ 
S 
= 
= 


066260 $18L60 v67L6'0 6L7960 97SS6'0 80760 LS¢ve0 €8L760 07796'0 96L86°0 6€Sc0'l 
68000 09600°0 10} $38 £0X0) 950700 9S7£0'0 $z70S0'0 vIpLoo 61v0T0 voor!’ STT8tO L8977'0 


8S2860 L7986°0 177860 SPSl60 789960 9€8560 96¢S6'0 89€S60 O1€96°0 967860 cov lol 
68700°0 79S00'0 ¢$1800°0 seclo0 CTHCETO'O Lv9t0'0 €79S0'0 ¥6180°0 Spetlo Seost‘0 607610 


197660 L91660 L9886°0 €ee860 $6SL6°0 684960 £€$1960 bL6S60 81$960 ¥66L6°0 1ZSO00'T 
7L700°0 61€00°0 ¢$8P00°0 Lv¢800'0 vIsStIoo $0970'0 TTctv0'0 6L£90°0 vI160°0 £6ET10 ILI9T‘O 


9L$66°0 T1S660 10€660 668860 L67860 €LS$L60 £16960 695960 L0896°0 1$8L60 09866°0 
9r100°0 ¢L1000 187000 ¥7S00°0 TOOTO'O Te8100 elleoo $1670'0 197400 prloro veselo 


$9L66°0 ¥TL660 78S66 0 £67660 178860 707860 L9SL60 O€1L60 Iv1L60 ££8L60 88£66'0 
9L000°0 £6000°0 8$100°0 91000 0$900°0 L9T10°0 cLTCO'O LvLtoo veLso0 vv780°0 O9TITO 


$1866 0 0$866°0 8$L66°0 8SS660 £07660 769860 LII860 Cv9L60 S6bL60 906L6°0 £0660 
8£000°0 870000 98000°0 98100°0 vIP00'0 79800°0 Le9100 978700 06-00 7$990'°0 TI€60°0 





00 70 v0 90 80 OT Tl vl 91 re 07 
= ("))9 





1 = (Y)o pue 9 = (%2)q 104 (1) dO NOILVIAAG GUYVGNVLS GNV Nva\q “[ aTaVL 





Omega, Vol. 7, No. 4 


TABLE 2. LEVELS OF SIGNIFICANCE FOR REJECTING NORMALITY 
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A means rejection is significant at 0.20 level 
B means rejection is significant at 0.15 level 
C means rejection is significant at 0.10 level 
D means rejection is significant at 0.05 level 
E means rejection is significant at 0.01 level 


To begin we standardize the problem. Path B REFERENCES 


becomes the standardized normal. Path A becomes 1. CLARK CE (1961) The greatest of a finite set of ran- 


Eat a dom variables. Ops Res. 145-162. 
a) te: Oe he 2. Conover WJ (1971) Practical Nonparametric Stat- 
Since that point lies in the ‘accept’ region the analyst istics. John Wiley, New York, USA. 


can refer to Table | for appropriate parameters for h(t), Willis R Greer Jr 
4e.: 


Gerald J LaCava 


E(t) = 0.0741, o(t) = 0.9436. (January 1979) 


ne The Amos Tuck School of Business Administration 
We transform to return to the original scale and find Dartmouth College 


the time to completion distribution can be approxi- Hanover 
mated by a normal with a mean of 16.1482 days and New Hampshire 03755 
a standard deviation: of 1.8872 days. USA 
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Public Risk From Potential LNG Spills 


ONE OF THE major issues in the siting of liquified natu- 
ral gas (LNG) facilities is the possibility of accidental 
LNG spills, which may result in fatalities to the public. 
Clearly the likelihood of such spills and information 
about their potential consequences in terms of fatalities 
should be carefully examined before the facilities are 
licensed’. It is obvious that less populated areas create 
less public risk than more populated areas, given that 
other factors (e.g. probability of an accident) are equal. 
However, many people feel that an area with twice the 
population of another area presents twice the public 
risk. The purpose of this memorandum is to demon- 
strate that such a contention is false. In fact, in some 
circumstances, the population of one area can be 10 
times another, and yet the public risk in terms of fatali- 
ties in the former case is only marginally greater than 
in the latter. The circumstances under which such im- 
plications are true are indicated in this note. 

In order for the public to have any risk, a spill of 
LNG must occur. This may result, for example, from 
the collision of an LNG-carrier and another ship or 
from a land storage tank rupture due to an earthquake. 
Upon spilling, the very cold (—260°F) LNG begins to 
vaporize immediately. The resulting vapor in the cor- 
rect mixture with air (S-15%) may be ignited. If an 
ignition occurs almost simultaneously with the spillage, 
a pool fire results until it is either extinguished or burns 
out. If immediate ignition does not occur, a vapor 
cloud, which is negatively buoyant, travels downwind 
a certain distance which depends on the spill size, its 
location, and atmospheric conditions. Until the vapor 
cloud becomes diluted to the point where it is no longer 
flammable (less than 5% natural gas to air), it may 
be ignited by several sources such as an open flame, 
a spark, or a very hot metal. If a cloud is ignited, the 
fire rapidly burns through it. Individuals within a vapor 
cloud at the time of ignition are in serious danger. 

If an LNG facility is located such that no member 
of the public is exposed to the consequences of any 
LNG spill, then there is no public risk. However, the 
likelihood of finding such areas in the US, which also 
meet environmental standards, is not great. It is much 
more likely the case that some people will live within 
the vicinity of the proposed facility and/or shipping 
route. It is true for potential facility sites that a smaller 
population in an area implies a smaller public risk 
given other factors (e.g. weather) are equivalent. Hence, 
relatively unpopulated sites are preferred to more 
populated sites. However, the following somewhat 
counter initutive result below is also true. 

Given that a vapor cloud of natural gas is traveling 
toward a populated area, an area with twice the 
number of people is not twice as endangered from the 
public risk point of view. It is always less than twice 
as endangered and in many situations, only marginally 
more so than the original area. 





' Interested readers are referred to Keeney et al. [1] 
which describes in considerable detail the methodology 
employed in an actual study. 


This result can be illustrated with a simple model 
of the vapor cloud ignition process. The model is in 
no sense a complete description of the ignition process. 
However, it does illustrate the aspect of the actual pro- 
cess which causes the result stated above. The qualitat- 
ive insight gained from this is useful in identifying good 
facility sites. After presenting the model, its limitations 
and interpretation will be discussed. 

The model assumes a vapor cloud is traveling toward 
a number of houses. It will, if not ignited, pass over 
these houses one at a time. Given the vapor cloud 
reaches a house, the probability that it is ignited by 
a source within that house is P. There are a total of 
N houses. If the vapor cloud is not ignited by one 
of these houses, it eventually disperses. The model 
assumes that once a vapor cloud reaches a house, that 
house will be in the cloud at the time it is ignited if 
an ignition occurs. All houses within a cloud at ignition 
are assumed destroyed. 

With this model the cloud reaches the first house 
and is ignited with probability P. If it is not ignited, 
it travels to the second house where it is ignited with 
probability P. Thus the probability that it is ignited 
by the second house is (1-P)P, which is the probability 
(1-P) that it is not ignited by the first house, multiplied 
by the probability P that it is ignited by the second 
house. Similarly, the probability that the vapor cloud 
is ignited by the n'* house it reaches is (1-P)"~'P. The 
expected number of houses destroyed n(N) as a function 
of the number of houses N is calculated from 


N 
nN) = Y P(t — Py'n, (I) 
n=1 


which is the sum of the probabilities of the n'" house 
igniting the vapor cloud multiplied by the number of 
houses destroyed, n. If N is infinite, it follows from 
(1) that 


l 

n(co) P (2) 
Thus regardless of how many houses are in the path 
of a vapor cloud, the expected number destroyed is 
less than 1/P. Qualitatively, the reasoning for this is 
that the vapor cloud will very likely be ignited by the 
first several houses so it will not reach the further 
houses. 


For finite N, (1) is expanded to give 


| 
iN) =~ ( - or[5 + (3) 


Substituting 100 and 1000 for N in (3) is insightful. 
If the probability of a vapor cloud being ignited by 
a source in any house is 0.1, reducing the number of 
houses in the path of a vapor cloud from 1000 houses 
to 100 only reduces the expected number of houses 
destroyed by approximately 0.03%. The expected 
number destroyed with only 20 houses in the path of 
a vapor cloud is approximately 65% of the expected 
number with 1000 houses in this path. 
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N= number of houses under vapour cloud path 


Fic. 1. Expected number of houses destroyed given ignition probability P and number of houses N 


A plot of 7(N) versus N for three different values 
of P is shown in Fig. 1. As can be seen, by the time 
that there are at least 4(1/P) houses in the path of a 
cloud, the additional potential damage due to more 
houses is limited to less than 10% of the total expected 
damage. To examine this, the number of houses, 
referred to as n’, necessary to account for 50, 75, and 
90 percent of the potential damage with an infinite 
number of houses is tabulated for different values of 
P. To do this, we calculate n’ from 


tole awle lt 
(i— Plat" |= tool P 


A plot of n’ versus P for P < 0.2 is given in Fig. 2. 
Thus, if P = 0.05, the presence of only 75 houses has 


40 


130 


w a 
°o °o 


n-=number of houses necessary to contribute Y% 
of the destroyed houses expected with an 
infinite number of houses 
nN 
° 





.% 


a damage potential which is 90% as great as if there 
were 5000 (or an infinite number of) houses. The impli- 
cations of wind direction can also be examined using 
Fig. 2. For example, if the probability of a house ignit- 
ing a vapor cloud is P = 0.05, then 50 houses down- 
wind a potential spill site 20% of the time is more dan- 
gerous to the public than 1000 houses downwind from 
the same site 10% of the time. 

All of the quantitative statements made in this paper 
have been based on a simplistic model. For instance, 
the model assumes that the vapor cloud will pass over 
one house at a time. In reality, it would be the case 
that the cloud could pass over more than one house 
simultaneously. The model assumes that if a source of 
ignition in a home will ignite a cloud, it will occur 
immediately as the cloud reaches the home. In fact, 


Y=90% 
Y:75% 
Y¥=50% 
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P=probability a house ignites a vapour cloud 


FiG. 2. The contribution to expected destroyed houses due to the first n' houses 
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there would likely be a delay as the natural gas filtered 
into the home. The model also does not account for 
houses destroyed which may have been near, but not 
within, a cloud at the time of ignition. 

Because of these limitations, the question is whether 
the model has any relevance to LNG risks. I feel the 
answer is definitely yes. Simplified modelling of 
complex processes plays an important role in analyses 
of public risk. One should not put great faith in the 
exact numbers resulting from the model. However, by 
varying input parameters (i.e. number of houses, prob- 
ability of ignition) as done to yield the figures, crucial 
insights into the complex process can be obtained. In 
this case, a mathematically sophisticated model of the 
vapor cloud ignition process would yield results quali- 
tatively similar to those presented here. In fact, many 
of the relative quantitative statements, e.g. the expected 
number of destroyed houses in one situation is twice 
that of another situation, are likely reasonable repre- 
sentations of reality. The use of the results should be 
to provide insight for selecting liquified natural gas faci- 
lities. 
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Clearly, if a completely unpopulated area is available 
for an LNG facility, it would be very safe from a public 
risk viewpoint. However, once the areas being con- 
sidered for potential sites are even sparsely populated, 
the overall public risk of fatalitites in most situations 
will be controlled by the likelihood of accidential LNG 
spills and the weather in the vicinity more than the 
population. It is important to recognize this in screen- 
ing to identify potentially good sites. 
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A Goal Programming Model for Improved Transportation 
Problem Solutions 


INTRODUCTION 


GOAL PROGRAMMING has been successfully applied 
in many areas of management as an aid to decision 
making. Applications in accounting [2], finance [1, 4], 
marketing [3], and the management sciences [5] attest 
to its effectiveness in dealing with optimization prob- 
lems. Yet, goal programming is still in its early age 
of development, and virgin areas of application are still 
being discovered. The area of transportation manage- 
ment discussed in this paper appears to be one of these 
virgin areas. The simplicity of operations research tech- 
niques, such as the transportation method, to deal with 
problems in this area has undoubtedly curtailed the 
entrance of more sophisticated techniques, such as goal 
programming. As the transportation problems become 
more complex, so must the problem-solving theory pro- 
vided by the management sciences evolve to meet this 
challenge. 

The purpose of this paper is to demonstrate the use 
of goal programming as a means to improved transpor- 
tation problem decision making. Specifically, this paper 
has two objectives: (1) to show how a goal program- 
ming process is utilized in combination with the trans- 
portation method to improve decision making; and (2) 
to demonstrate how goal programming can improve 
cost minimization by utilizing additional information. 


BACKGROUND OF THE 
PROBLEM SITUATION 


A meat processing organization located in the Mid- 
west controls a chain of restaurants operating over a 
five-state area. Hamburger products are the major food 
item served at these restaurants. As such, the organiza- 
tion seeks to minimize their costs of this product by 
utilizing the transportation method in shipping this 
product from processing plants to storage facilities. 

The processing organization plans its production and 
shipping schedule on a monthly basis to take into con- 
sideration changes in demand and cost factors. The 
organization operates three processing plants and six 
storage facilities. The processing plant generates the 
raw hamburger and transports it in ten-pound pack- 
ages to the storage facilities. The minimum number of 
units to be shipped from a plant to a storage facility 
is 400. If less than 400 are shipped, additional costs 
per unit might be incurred. At the storage facilities, 
the ten-pound packages are broken down into the 
various hamburger products and stored to meet the 
daily demand of the nearby restaurants. Since the pro- 
cessing cost per pound varies slightly between the pro- 
cessing plants, the product’s processing cost is included 
with the transportation costs when analyzing cost infor- 
mation. The film gathers cost, supply and demand in- 
formation on a monthly basis and determines, using 
the transportation method, the cost minimizing sources 
and destinations. Unfortunately, the transportation 


method is not structured to take into consideration cer- 
tain types of additional information relevant to trans- 
portation management; for example, interval rather 
than static demand estimates. Supply and demand in- 
formation utilized in the traditional transportation 
algorithm must be a static estimation, while supply in- 
formation can easily be obtained, as it is usually, under 
the control of management. Static estimates of demand 
information are usually determined by first obtaining 
interval estimates from marketing managers and con- 
verting them to a representative midpoint or average 
value for the entire interval. If the interval estimate 
could be included in the analytical process, a further 
cost reduction might be incurred. To include the inter- 
val demand estimate information into the transportion 
problem, goal programming analysis was suggested. 

The cost information used in the following goal pro- 
gramming analysis was obtained from the files of the 
meat processing organization. In examining the pre- 
vious 12 months’ applications of the transportation 
method, it was found that 75% (i.e. 9 out of 12) of 
the applications had the same cost per unit and per 
cell; table 1 displays the most typical situation facing 
the firm. 


Goal programming model 


In developing a model to improve the transportation 
method’s solution several considerations must be made. 
First, the total supply of units is fixed and the model 
must constrain the solution to reflect this. Second, the 
supply of units per supply location or processing plants 
is fixed, and the solution should reflect this. At the 
same time as these allocations are being made, the model 
should force the selection of the set of allocations that 
best minimized cost. A third consideration in order to 
improve upon the transportation method's solution, is 
a weighting process that will force either increased or 
decreased allocations of units toward selective demand 
destinations that will reduce the average cost per unit. 
Determining these selective demand destinations in- 
volves several steps of a relatively simple comparative 
process. The steps are: 


1 Compute the weighted average cost per unit accord- 
ing to the transportation method solution; 


2 Compute the average cost per unit for each demand 
destination; 


3 Determine the range between the highest and lowest 
value in step 2; 


4 Divide the range by the number of demand destina- 
tions in the problem; 


5 Add and subtract the value in step 4 to the value 
in step 1 to determine a cost interval; 
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6 Those values that fall below this interval represent 
demand destinations that should have increased allo- 
cations, because they will on the average decrease 
per unit costs; those values that fall above this inter- 
val represent demand destinations that should have 
decreased allocations, because they will on the aver- 
age increase per unit costs. 


The interval values are used instead of the simple 
average, since it will reduce problems connected with 
a total reallocation of resources. The intent of the 
model posed by this paper is to improve on the trans- 
portation model's initial solution, not create a new allo- 
cation. If the average value is used as the criterion, 
it increases the possibility of a complete reallocation 
by allowing all demand destinations to change their 
value. 

Fourth, remaining demand destinations (i.e. those 
demand destinations whose cost is within the interval) 
should be forced to utilize the midpoint estimate as 
a demand figure in the final estimate. To meet the re- 
quirements posed above, a goal programming model 
is presented in Fig. 1. 


Fic. 1. A generalized goal programming model for a 
transportation problem 


Minimize: Z = P,(d; + d}) 
+ P, Y (dis + di, ,) + P2(dn+2) 
i=1 


+ P3(dj4m+2 where j = 1,2,..., n 
for each positive A) 

+ P5(dj+m+2 where j = 1,2,..., n 
for each negative B) 

+ Pldj4m+2 + dj+m+2 Where 
fe tx n for each negative A 
and positive B) 


3 xij + dy —d{ = pTY 


Subject to: > 
i=1j=1 


y Xy + din, — dit, =; 
j=l 


(for i = 1,2,...,m) 


Y >| CijXij + d+? se’ "baby = pre 
i=1 j=1 
y Xij + dj+m+2 - dj+m+2 = “iho 
i=1 
forge 1'255\.; n) 
b; < 3 Xij < b; 
i=1 
(for j = 1, 2,...., n) 
and x;;, alld”, d*’s > 0 
(for i= 1,2,...,n3) 
where: 
xj; = number of units to be transported from an ith 
supply location to jth demand destination 


m = number of supply locations 
n = number of demand destinations 


cjj = cost of a unit transported from an ith supply 
location to jth demand destination 

A = an average demand cost per destination below the 
lower bound in the cost interval found by the 
difference between: 


ye ( 5 «u) 
pith Lak IB R » ah A 
a 


mxn n j=l m 


R =the absolute difference between the lowest and 
highest average demand cost per destination found 
by the absolute difference between: 


m m 
y Cij » Cij 
i=1 i=1 


m 


lowest m highest 


B = an average demand cost per destination above the 
higher bound in the cost interval found by the 
difference between: 


5 ha re, 
124 |_| lee) 


PR 


; = goal programming priorities 
= deviational variables 

' = total number of units transported from 
supply locations to demand destinations 
number of units to be transported from 
each of the ith supply locations 
arbitrarily selected total transportation 
cost estimate 
estimated number of units demanded by 
each destination (based on midpoint or 
average etc.) 

b = optimistic estimate of the number of units 

_ demanded by each destination 

b = pessimistic estimate of the number of 
units demanded by each destination 


* Denotes only ci; values that have cell allocations 
in accordance with the transportation method should 
be included in this summation. 


ANALYSIS AND CONCLUSIONS 


Using the data given in Table 1, the goal program 
was formulated and solved; the solution is presented 
in Table 2 along with solutions from the transportation 
algorithm and a straight linear programming formula- 
tion. 

In comparing the transportation method with the 
goal programming solution, it can be seen that while 
both are feasible solutions (i.e. both have no allocation 
less than 400 units), the goal programming solution did 
reduce costs by an additional $110.00. This difference 
is rather insignificant relative to the total amount, but 
it should be kept in mind that the cost of the product 
is included in these figures. The result is to reduce the 
variability of cost between the possible allocations, 
since product cost does not vary significantly. In other 
words, the opportunity to improve cost significantly is 
not available because the problem lacks cost variability. 
In problems that have greater cost variability, greater 
improvement in cost reduction is possible. It should 
also be mentioned that while the linear programming 
solution results in the same minimized cost figure, the 
resulting allocation is infeasible, since one of the alloca- 
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TABLE 1. SUPPLY, DEMAND, AND COSTS INFORMATION 





Storage facilities 


Processing 
plants 2 


3 


4 5 6 Supply 





l ‘ 40 
2 . 49 
3 : 4.3 


Demand 
Interval low 
Estimates high 


3640 
3540 
3740 


44 
4.2 


4.7 
40 
4.1 


49 
49 
4.1 


5.2 
4.3 
48 


3000 
4800 
7800 


2080 
1980 
2180 


2600 
2500 
2700 


1560 
1460 
1660 


15,600 





tions is below 300 units. This result also indicates that, 
in this particular application, there is more than one 
optimal allocation, and if both the goal programming 
and linear programming problems had included con- 
straints for the allocations for the decision variables 
to be greater than 400 units, they would have, in this 
case, 4rrived at the same solution. 

It can be seen that these 6406 units are really the 
number of dollars over the $60,000 that the resulting 
solution requires. Priority 4’s underachievement rep- 
resents the failure of the objective function to force the 
remaining storage facilities (i.e. those with an average 
cost per unit within the cost interval) to use the mid- 
point estimate of 100 units each in storage facilities 
2 and 6, and an increase in storage facility 3 of 100 
units. 

The use of this model in further cost reductions is 
quite informative in that managers know which stor- 
age facilities incur an increase in units and those which 
incur a decrease. With this information, storage facility 
managers might be able to revise their demand esti- 
mates to allow for further increases or decreases. Run- 
ning the goal programming problem again with the 
revisions will invariably reduce per unit costs. 

Another advantage to the goal programming 
approach is that it can easily include non-quantifiable 
information into the decision process. For example, 
suppose one of the storage facility’s service area is 
experiencing a rapid growth rate in sales. The organiza- 
tion might prefer to have the storage facility receive 


the optimistic demand estimate. This can be accom- 
plished by including that storage facility's dj devia- 
tional variable in the objective function’s third priority. 
The result may or may not increase cost. In the appli- 
cation of this paper the inclusion of this deviational 
variable would have increased costs if the increase is 
to occur in storage facilities 1, 2 and 6. Otherwise, the 
resulting cost would remain the same. At least with 
the goal programming solution, the decision makers 
would know immediately whether such a preference 
would cause an increase or not. 

In conclusion, therefore, we have shown that it is 
possible to improve the transportation formulations by 
using goal programming and that this improvement has 
allowed the introduction of internal rather than merely 
point estimates. 

Finally, the information provided by the goal pro- 
gramming formulation can be used to decide upon non- 
quantifiable preferences of the manager. 
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TABLE 2. SOLUTION COMPARISON BETWEEN THE TRANSPORTATION METHOD, GOAL 
PROGRAMMING AND LINEAR PROGRAMMING 





Transportation 
in units from 
plant no. to 


storage no. method 


Transportation* 


Goal 
programming 


Linear 
programming 





3000 
1560 
1680 
1560 
1160 
3640 

400 
2600 


Xi 


Total units shipped 
Total cost ($) 
Cost per unit 


15,600 
66,516 
4.26 





Turning to the goal programming solution itself, underachievement is in- 
curred in Priorities 2 and 4, of 6,406 and 300 units respectively. 
* Demand figures used were obtained from the midpoint of the intervals. 
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The Efficient Use of Non-Renewable Resources 


THIS PAPER is about the efficient use over time of 
stocks of non-renewable resources. It begins by sum- 
marising the contemporary economic theories concern- 
ing the optimal rate of depletion, and it goes on to 
say why the methodology of these theories may be defi- 
cient. It is suggested that externalities, including politi- 
cal implications, need to be considered more explicitly 
in decision-making, and the paper goes on to illustrate 
this proposition by proposing a mechanism for the 
political distribution of North Sea oil revenues. The 
paper does not, for reasons of space, consider a number 
of issues which have traditionally been closely related 
to the question of optimal rate of depletion. These 
issues include questions of common ownership, the effi- 
cacy of the market mechanism, and problems of pollu- 
tion. 

Economists since at least the time of Adam Smith 
have regarded the development of economic systems 
over time as a race between technical progress on the 
one hand and limited natural resources on the other. 
But the importance which they have attached to this 
problem has fluctuated. Concern which existed 
amongst economists in 19th century Britain evaporated 
with the arrival from North America of supplies of low 
priced corn, made possible by a combination of im- 
provements in the shipping technology and the cultiva- 
tion of virgin lands. The issue has once again been 
brought to the forefront of public attention by recent 
much-publicised suggestions that the world as a whole 
may be running out of supplies of a particular class 
of natural resources, those which are exhaustible or 
non-renewable. While depletion of these stocks in a 
physical sense seems undeniable, most contemporary 
economists have been inclined to accept the fragmen- 
tary empirical evidence available which suggests that 
there has not been depletion in an economic sense. 
Technical change, economies of scale, and product-fac- 
tor substitution have meant that extractive commodi- 
ties have over the past 100 years or so become less scarce 
in terms of the sacrifices required to obtain them [8}. 

Nevertheless, a number of contemporary economists, 
[1.7,4] have in the last five years turned their attention 
to the question: at what rate should the non-renewable 
resources of a society be depleted? They have treated 
this question as an extension of a related question, 
already well established in the literature of economics: 
at what rate should the renewable resources of a society 
be accumulated, i.e. what is the optimal rate of invest- 
ment over time? The answers traditionally given to 
these questions involve the maximisation of a sum of 
utility flows to be derived from future consumption. 
The principal parameters which occur in the models 
devised to answer these questions concern substitutabi- 
lity between factors of production, the rate and charac- 
ter of technical change, and uncertainty. 

It is intuitively clear that the extent to which the 
non-renewable resoufte may be substituted by a renew- 
able resource in the process of production is a critical 
element in determining the optimal rate of depletion. 
Even if the non-renewable resource is such that all pro- 
duction of final goods would fall to zero in its absence, 
the crux of the matter is the extent to which its use 
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can be spread thinly over future time. We are operating 
here at the boundaries of production functions, where 
the economists’ traditional assumptions of a constant 
elasticity of substitution between factors is not at all 
helpful. It simply begs the essential question. But there 
is seldom any empirical evidence to suggest what the 
substitution possibilities actually are. It is fair to say 
that those economists who have discussed this question 
appear to accept it as a working hypothesis that the 
elasticity of substitution is greater than or equal to i. 

Koopmans considers the extreme case of what he 
calls an essential resource, defined as one which is 
essential to sustaining life, is incapable of complete re- 
cycling and has no substitute either now or later within 
the remaining period of its availability. In this model 
the survival period becomes the policy variable, as does 
the population in some part of the future. However, 
Koopmans does not really believe an essential resource 
as strictly defined above really exists, though he recog- 
nises that it is a question on which scientists and 
engineers are more able to give an opinion than an 
economist. 

A more plausible model is advanced by Dasgupta 
& Heal [1] who postulate a non-renewable resource 
for which a substitute may become available through 
discovery or invention, at an uncertain future date. 
They depart from conventional economic analysis in 
that they envisage technical progress not as a con- 
tinuous but as a discrete event. But they assume that 
the arrival of the new technology is uninfluenced by 
policy, i.e. that the acquisition of knowledge is costless. 
The optimal path through time found by Dasgupta & 
Heal [1] consists of two successive segments. One is 
the path to be followed from t = 0 up to the as yet 
unknown time t = T of the availability of a substitute. 
The other is the path to be followed from T onwards. 
Pindyck [9] has recently argued that the optimal rates 
of exploration and depletion of non-renewable 
resources are inter-related and must be jointly deter- 
mined. 

On uncertainty, given fairly typical assumptions, the 
optimal rate of extraction when the resource stock is 
uncertain is less than the optimal rate for the expected 
value of the stock. That is, uncertainty implies a more 
conservative extraction policy [2]. While economists 
have traditionally dealt with uncertainty by adding a 
margin to the rate at which future utility is discounted, 
Dasgupta & Heal [1] show that this procedure, when 
applied to the optimal depletion rate question, is only 
free of error in the special case where the substitute 
arrives at the moment when the stock of the exhaustible 
resource has no value, and when the technical change 
is sufficiently radical to cause the ‘old’ capital stock 
to lose all its value. The conclusion of Dasgupta and 
Heal is that even though resources may not remain 
non-renewable over the indefinite future, the substitutes 
may be a long time in coming, and the intervening 
generation may be that much worse off. This conclu- 
sion draws attention to the importance to the rate of 
discount and the notion of inter-generational equity. 
These are questions to which Koopmans and Solow 
[4] have drawn attention and their conclusions are 
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briefly as follows. 


(1) The problem of whether and how much to discount 
future utilities cannot be equitably resolved a priori 
and in the abstract [4]. 


(2) The likelihood of the arrival of technological change 
should influence one’s view of inter-generational 
equity [1]. (Dasgupta & Heal). 


(3) Earlier generations are entitled to draw down the 
finite pool of non-renewable resources (optimally) 
so long as they add to the stock of reproducible 
capital (optimally) [13]. 


The idea that a substitute for a non-renewable 
resource which does not yet exist may arise some time 
in the future corresponds quite clearly to two signifi- 
cant economic activities: applied research leading to 
the development of a new technology (e.g. the breeder 
reactor) and exploration leading to the discovery of ad- 
ditional stocks of the resource. Contrary to the assump- 
tions of many theoretical models of optimal depletion 
these activities are neither costless nor random. In the 
case of new technology, increased spending on applied 
research and development may be expected to bring 
nearer the time of its arrival, while in the case of explor- 
ation for non-renewable resources it can be argued that 
the size of the available reserves is a function of the 
price of the resource, for the simple reason that a rise 
in the resource price justifies recourse to deposits of 
a lesser quality and/or a greater inaccessibility. 

We noted above the empirical findings which have 
supported the apparent complacency of economists in 
the face of the physical depletion of the world stocks 
of non-renewable resources. However, the interpre- 
tation of these findings needs to be qualified on two 
grounds. First, continuation of the trends observed in 
the recent past need not persist into the future. 
Secondly, the methodology of these studies ignores the 
environmental cost of resource extraction, transport, 
and processing. It is possible that these have risen suffi- 
ciently to offset the decline in market costs. There are 
other externalities which are likewise not considered 
and which may be of even greater importance. 

One such externality which is overlooked by the con- 
ventional methodology is the political consequences of 
the expansion of the nuclear energy programme. It is 
well-known that the technological substitute for non- 
renewable energy sources is the production of atomic 
energy through nuclear fission. New risks are asociated 
with the introduction of this technology, viz. the poss- 
ible failure of emergency cooling systems and the pro- 
duction of plutonium and long-lived radio active fission 
products. To prevent disasters arising from the activi- 
ties of criminals, psychopaths, or fanatics “will entail 
an unprecedented extension of the internal and inter- 
national security system”, [6]. The foregoing is a 
specific example of the more general type of externality 
which Schumacher [11] associates with industrialisa- 
tion. He asserts that there are three categories of non- 
renewable resource which the industrial system con- 
sumes. These are “fossil fuels, the tolerance margins 
of nature, and the human substance”. The “tolerance 
margins of nature” refers to those substances com- 
pounded by scientists, which are ‘unknown to nature’, 
and against many of which ‘nature is virtually defence- 
less’. The third category refers to something which ‘per- 
haps cannot be measured at all’ except for certain 
symptoms of loss, indicated by statistics of crime, drug 
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addiction, vandalism, suicide etc., etc. Such externalities 
are generally ignored in contemporary economic theor- 
ising, perhaps because they cannot be quantified. As 
they do not lend themselves to quantification, the rela- 
tionships are seldom specified. To put the matter 
another way: contemporary economic theory continues 
to assert, and it seems politically to be widely accepted, 
that the welfare of human societies is a monotonically 
increasing function of the volume of production of 
material goods—despite all the empirical evidence to 
the contrary, If we accept Schumacher’s classification 
of “human substance” as part of the world’s stock of 
non-renewable resources, then this proposition may be 
germane to the debate. 

Turning from the broad question of the world’s stock 
of non-renewable resources to the narrower issue of 
the stock of oil in the North Sea, we can see again 
how the conventional methodology of economic analy- 
sis fails to take account of factors which appear to be 
decisive in determining the rate of depletion in practice. 
A clear exposition of the parameters which should 
determine the optimal rate of depletion in the context 
of the North Sea is set out in the paper by Robinson 
& Morgan [10]. In the same paper however three dif- 
ferent rates of depletion of the North Sea oil stock 
are revealed in practice. These are (a) the depletion rate 
in the UK sector prior to 1974, (b) the depletion rate 
in the UK sector since 1974, and (c) the depletion rate 
in the Norwegian sector. It is evident that the differ- 
ences between these rates are not satisfactorily 
explained by the conventional theoretical model. 

Since the costs and benefits of a particular rate of 
depletion policy are not uniformly distributed through- 
out the population surrounding the North Sea basin, 
nor uniformly through time, the question of the clients 
for the optimality criterion is of considerable impor- 
tance. In other words, questions concerning the optimal 
rate of exploitation cannot be answered without first 
answering the question ‘optimal for whom?’ This tends 
to be glossed over in the literature, though Koopmans 
and Solow [4,13] have considered it. In practice, the 
present rate of exploitation in the UK sector is hardly 
likely to be optimal for the inhabitants of Shetland. 
While official Norwegian policy may be optimal for the 
present generation of inhabitants of the Norwegian sea- 
board, only time will tell whether it is optimal for 
future generations of Norwegians, wherever they reside. 

From the foregoing observations it should be clear 
that, in the writer’s opinion, this subject area is ripe 
for development in the direction of political economy. 
Although the existing methodology can undoubtedly 
make a contribution, it is a limited one, since the most 
interesting questions of policy in this area do not lend 
themselves readily to quantitative analysis. Of course 
this statement is not peculiar to the issue of the de- 
pletion rate of non-renewable resources: much the same 
could be said about the question of the costs and bene- 
fits of UK entry to the common market. It would be 
wiser to recognise this explicitly, and try to make sure 
that the methodology of a ‘new’ political economy is 
an improvement upon the methodology of the old. 

Perhaps what is meant by political economy in the 
context of non-renewable resources in the North Sea 
may be illustrated by a proposed mechanism for the 
political distribution of some of the benefits arising. 
The rest of the paper is devoted to outlining this pro- 
posal. 

The discovery of oil in the Scottish waters of the 
North Sea which in political terms dates from around 
1972 has had a remarkable effect on Scottish/English 
relations. While it has removed the principal constraint 
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on political independence it has created in England a 
hardening resistance to that idea, based upon the con- 
cern that loss of the North Sea oil reserves might put 
in doubt the capacity of the British government to 
refinance the heavy external borrowing of recent years. 
Thus the discovery of oil appears to have set the stage 
for a conflict of interests between the two countries 
where none before existed. It seems to be commonly 
supposed that the conflict of interests can be cast in 
the form of a zero sum game: whatever Scotland gains 
England must lose. All that can then be negotiated is 
the percentage share of a fixed sum. In fact some econo- 
mic analysis can indicate that the conflict may not be 
as direct as is commonly supposed, to the extent that 
England’s influence lies primarily in the direction of 
access to a large pool of foreign currency with which 
its international debts can be settled, while Scotland’s 
interests lie in the acquisition of real resources which 
can be used to reconstruct its economy. A scheme can 
be devised to give England access to foreign exchange, 
while Scotland has access to the real resource content 
of the oil revenues. In practice, of course, England will 
want some of the real resources and Scotland will want 
some of the foreign exchange, but the presentation here 
is deliberately simplified in order to get across the main 
point, which is that there can exist some arrangement 
according to which the interests of the two countries 
may be complementary rather than conflicting. Nor is 
it intended that the scheme which is described below 
should be taken too literally: it is merely a sketch of 
the possibilities open to a wide range of modification 
in practice. 

It should be made plain that the difference in size 
accounts for a great difference in the potential impact 
of the oil revenues on the two countries. In Scotland's 
case, the officially estimated tax revenues from oil will 
amount in the early 1980's to about 50% of her GDP 
while the same sum amounts to less than one third 
of the UK public sector borrowing requirement. Thus, 
while the oil revenues completely alter the prospects 
for rebuilding the Scottish economy they can only be 
of limited relevance in solving the economic problems 
of England. Let us suppose that the share of the foreign 
exchange earnings which accrue from the export of oil 
to a British government in the mid 1980's will be £3 
billion per annum. Suppose further that a sovereign 
Scottish state comes into existence in the early 1980's 
and that the oil revenues accruing to this state are paid 
in dollars into an account jointly held by the Bank 
of England and the Central Bank of Scotland. Then 
the following arrangements might be agreed: that the 
Bank of England may draw on this account whenever 
it requires foreign exchange with which to repay its 
international obligations up to an agreed maximum 
limit. Whenever it makes a drawing on this account 
however it must transfer an equivalent amount in £s 
sterling at a rate of exchange to be agreed in advance 
to another account held by the Central Bank of Scot- 
land. The Central Bank of Scotland would then be free 
to dispose of its sterling account together with its own 
portion of the joint foreign currency account according 
to the principles of economic policy laid down by the 
Scottish government. Of course, it would not be 
expected to convert these sterling holdings into dollars. 
To do this, would be to negate the purpose of the 
scheme. It should be noted that we are assuming a 
flexible rate of exchange between the Scottish pound 
and the pound sterling, and between the pound sterling 
and other major currencies. Provided that the pound 
sterling is not expected to fall significantly in vaiue rela- 
tive to other currencies, it should be possible to agree 
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in advance a special fixed rate at which ‘oil dollars’ 
are to be converted into pounds sterling for the use 
of the Scottish Central Bank. 

There are broadly three ways in which sterling funds 
accruing from the oil revenues to the Scottish govern- 
ment could be used: 


(a) they could be devoted to purchasing material goods 
and services from current production in England. 


(b) they could be devoted to the purchase of existing 
assets (land, property, factories) owned by sterling 
holders in Scotland and abroad. 


(c) they could be devoted to loans from the Scottish 
to the English government. 


The foreign exchange’ held in the joint account and 
not taken up by the Bank of England could be trans- 
ferred to pounds sterling invested, lent abroad, given 
away as foreign aid or used for acquiring goods from 
overseas. The amount of the sterling funds which could 
be devoted to (a) would be limited by the capacity of 
the Scottish economy to absorb goods and services, 
and the capacity of the English economy to deliver then 
without undue strain. From the point of view of the 
English economy, it might be reasonable to expect it 
to be capable of exporting something of the order of 
£1 billion worth of additional goods and services to 
Scotland per annum. This would represent aroung 10°, 
of its 1973 level of exports of goods and services. A 
10% increase in exports would of course stimulate the 
level of aggregate demand in England but it would 
nonetheless represent a real burden on the economy 
of that value unless resources hitherto unemployed 
were brought into production. The acquisition of (b) 
existing assets, could begin in Scotland with the pur- 
chase of ownership of the large tracts of land that are 
in non-Scottish hands as well as the acquisition of 
minority shareholdings in productive enterprises oper- 
ating in Scotland. There is the additional possibility 
of purchasing real assets outside Scotland. It is assumed 
of course that the sellers are willing to accept payment 
in sterling for their assets. 

The remaining portion of the sterling account could 
in principle be devoted to (c) loans from the Scottish 
to the English government. The terms and conditions 
of these loans would of course be subject to negotiation 
and the demand would vary according to conditions 
in the English economy. What is left could be invested 
abroad or simply given away free as foreign aid. On 
the other hand, one could regard any unused funds 
as indicative of excess oil depletion. If the rate of de- 
pletion were reduced, then the oil would be left as a 
form of capital in the ground rather than transformed 
into a different capital stock. 
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EDITORIAL 


Public Sector Decision-Making 


INTRODUCTION 


EVERYONE is aware that there is something rotten in the state of 
the United Kingdom as far as public expenditure and taxation are 
concerned. Arguably, public expenditure levels are too high: ‘crowding 
out’ resources which could otherwise be transferred to the private 
sector to rebuild investment capacity for a growth economy. Alterna- 
tively, public expenditure may itself be seen as an instrument of 
growth, especially where infant industries require initial capital to start 
up in a world of rapidly developing technology. The same school 
of thought might also point to the need for increased public expendi- 
ture to satisfy those wants and needs that have hitherto had to be 
sacrificed because of comparatively low wealth. This special issue of 
OMEGA is not, however, about the sheer size of the public sector, 
although the opening essay by Michael Common bears directly on 
it. 

To set the scene, Common asks whether the traditional economic 
rationale for intervention by the state in a market economy holds 
fast in the light of repeated attacks by so-called ‘liberal’ economists. 
The substance of the attack is that the interventionists have exagger- 
ated the degree of imperfection in the market—they have, as it were, 
found social costs under every stone. They have also, so the charge 
goes, overlooked the fact that intervention can itself be a social cost, 
showing up in infringements on the civil liberties and traditional free- 
doms of the individual. 

Common has little time for either argument, and he is surely correct 
to point to the alarming intellectual paucity of some of the recent 
debates on external costs. This seems to have been conducted on the 
basis of trivial exampies such as bee-keeping and apple growing, per- 
haps because those examples were the ones used in the seminal articles 
on social cost and which seem to have had such influence on intellec- 
tuals. The problem appears to lie in the absence of real-world aware- 
ness by the liberal critics of the severity of many externalities. Com- 
mon points to the laws of thermodynamics and their impact on econo- 
mic literature in terms of the pervasiveness they imply for waste mater- 
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ials discharge to the environment. Confining himself to this general 
area alone, he sees cause for considerable alarm. Moreover, it is an 
alarm that is not alleviated by arguments to the effect that sufferers 
and polluters can somehow ‘get together’ to bargain their way to 
some ‘optimal’ level of pollution. On the basis of some simple analytics 
he shows that the existence of external costs—costs to third parties 
which are not ‘internalised’ by the polluter—implies a positive price 
for the use of the environment to the firm and a zero price to con- 
sumers. Yet no market can operate with a price which is simul- 
taneously zero and positive, so that market transactions are simply 
not a feasible option. 

The ‘liberal’ case against infringement of civil rights is of course 
a powerful one. Quite how it links to notions of justice and fairness 
in public sector decisions is unclear, however. Moreover, free market 
principles are just as capable of infringing civil rights, as the growth 
of nuclear power amply demonstrates. There is no avoidance of the 
fact that more nuclear power, perhaps dictated by the free expression 
of public want, also means more surveillance of parties not directly 
party to the decisions to introduce that technology. There remains, 
then, a case for intervention and control. What the ‘optimal’ extent 
of intervention is, will remain a much debated issue. To be sure, it 
is more than the recent ‘liberal economics’ school of thought would 
accept on the basis of their misapplied logic, but perhaps less than 
others would call for. 


RATIONALE FOR MAKING DECISIONS 


The remainder of the essays in this volume deal with the issue 
of how to make decisions. Interestingly, many contributors draw atten- 
tion to the apparent demise of cost-benefit analysis as the panacea 
for solving this complex issue. Certainly, cost-benefit (CBA) has ex- 
perienced a severe decline in popularity. Some authors dwell on the 
reasons. Button in his essay points to the failure to ‘monetise’ the 
intangible items in a cost-benefit balance sheet. Lowe and Lewis draw 
attention to the considerable information problems of setting about 
a cost-benefit study, at least in the world of environmental problems. 
Nash criticises the procedures for establishing even the ‘hard’ estimates 
of benefits such as time-savings in transport projects, while Treddenick 
points out that even resource costs are not easy to measure if the 
cardinal rule that they reflect their opportunity cost is remembered. 
The question of ‘who votes’ is also raised. Many public investments 
now secure gains and costs for the current and immediate generations 
to come. Some impose costs on future generations, perhaps for many 
hundreds of years to come. How then are future generations’ wants 
to be incorporated in a decision rule? 





Omega, Vol. 7, No. 5 381 


One view would be that since they will be wealthier than us they 
will have the time and resources to solve any inherited social cost 
problems. Such arguments from faith, or rather complacency, are diffi- 
cult to accept. Simply because we have been used to what is effectively 
exponential growth over two centuries, in no way means that the 
future will be like the past. If future generations are likely to be worse 
off, there is an extra duty on current generations to leave them a 
capital stock while the ‘stock’ of inherited social costs should be 
minimised, at least in the sense of being made reversible if they lack 
the technology to deal with such problems. Moreover, since no-one 
knows what they will want, it makes more sense to plan on the basis 
of minimising their regret: not their regret at any level since that 
would impose an impossible decision-making framework on current 
generations, but perhaps minimising their maximum regret if they in- 
herit problems on a scale larger than this generation forecasts. None 
of the essays in this volume tackles this complex issue, at least not 
directly. Lowe and Lewis do point to some of the strange effects that 
result from the use of positive discount rates such that long-term social 
cost problems can quickly ‘disappear’ with the use of present value 
criteria. While noting that positive discount rates can ‘justify’ the over- 
use of the environment’s capacity to assimilate waste, they do not 
quite follow the issue through to note that physical laws will still 
operate in such a context such that ‘catastrophic’ results from over- 
pollution are not thereby ruled out. 


THE STATE OF COST-BENEFIT 


Most contributors to this volume are satisfied that CBA must be 
revised to deal with the problems noted above, and we have stressed 
the intergenerational issue to add to their list of criticisms. This leads 
the authors to search for alternative measures. Barrett gives an excel- 
lent survey of the use of environmental impact statements as substi- 
tutes for CBAs, although, of course, the general way in which EISs 
are construed in the USA permits them to subsume CBA studies as 
well. There is much to be said for separating out the various impacts 
and showing them as clearly as possible so that they are not ‘lost’ 
in a single net present value figure. Equally, the dangers need empha- 
sising since it is quite possible that the ‘anti-CBA’ pendulum has 
swung too far. To ‘capture’ all impacts in an EIS could simply be 
to engage in a wholesale and detailed description of a project. This 
may be no bad thing for single projects but the issue arises of how 
one compares two projects using EIS (or more than two). For the 
entries in an EJS matrix can be thought of as the components of 
any vector. Unless we have certain vector inequality, which is unlikely, 
we have no clear way of choosing between the two projects. Of course, 
this criticism may reflect an unwarranted desire to return to the days 
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where at least some of the ‘judgement’ in choosing is removed from 
the decision-maker. EIS advocates would point to the fact that two 
or more impact matrices would ‘force’ the decision-maker to enter 
into a judgement that is at least based on comprehensive information. 

This is a valid point, although it holds for CBA as well. For much 
of the criticism of CBA has arisen because of the over-ambition of 
some of its proponents in claiming that monetisation was simply a 
matter of the ‘state of the art’: more and more research would bring 
about the correct answers, eventually. If, however, a humbler view 
is taken of CBA then it has its uses. For the disturbing feature about 
actual decision making, and several authors note it, is that it 
frequently takes place on no rational grounds at all. The standard 
response would be that ail decisions are ‘political’ and cannot be 
taken on the basis of the kinds of criteria advocated by some of 
the authors in this volume—whether weighted indices of environ- 
mental impact (Lowe and Lewis), planning balance sheet approaches 
(Button), multi-criteria/multi-objective techniques, or whatever. But 
the ‘political’ argument is really little more than a mechanism for 
imposing constraints on the decision-maker such that the actual pro- 
cess of deciding is that much easier. Not that political decisions are 
unimportant. Decisions in the National Health Service may often have 
all too much to do with the special pleading of senior clinical person- 
nel and all too little with an assessment of the opportunity cost of 
the requests they make. 

Quite simply, then, there remains a strong case for employing any 
technique which forces a list of costs and benefits to be presented. 
Maybe impact statements and Delphi procedures offer this minimum 
condition. One could argue that CBA does likewise. 


THE STATE OF THE ART IN PUBLIC 
DECISION MAKING 


As the authors in this volume make clear, no single technique would 
appear to be applicable to the separate parts of the public sector. 
Gray and Steele see considerable benefits in the application of pro- 
gramme budgeting techniques but strike a note of some despair over 
the hostility to rational planning at all in the NHS. Treddenick notes 
the unavoidable nature of the use of cost-effective techniques in 
defence, but also sees problems in its application. Nash feels suffi- 
ciently disillusioned with CBA in the transportation field to want to 
argue for even less attempt at monetary evaluation than would be 
dictated by even apparent consensus on the ‘hard’ figures. Lowe and 
Lewis see little scope for monetary evaluation techniques in environ- 
mental decision-making. 

One is left with the impression that the ‘state of the art’ is now 
one of a backlash against traditional CBA techniques and the existence 
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of a vacuum which analysts are busy trying to fill with the varied 
techniques outlined by Button in his useful survey article. It seems 
reasonable to argue, however, that none of these techniques is likely 
to have less difficulty than CBA, and, perhaps more tendentiously, 
one could suggest that fashionable critiques of CBA will be forced 
to give way as the pendulum swings back towards less ambitious 
but still useful cost-benefit frameworks. But that is a prediction and 
the test lies in the future. 


PUBLIC PARTICIPATION 


One other interesting development is noted in several of the essays. 
This is that the method of appraising projects cannot now be divorced 
from the issue of public participation in making those decisions. To 
this end one wonders again if an EIS fares any better than a CBA. 
Multi-objective techniques would certainly seem to fail on this count 
given their low index of comprehensibility, even for many experts. 
But it is right that public participation be stressed. The sheer speed 
at which technology is advancing has left many with a distinct feeling 
that they are alienated from the decision-making process. We can 
see the emergence of extra-parliamentary institutions as indirect evi- 
dence of exactly this. Public inquiries, Royal Commissions and so 
on, reflect the sheer incapacity of parliaments to deal with complex 
technological issues on a level that permits their detailed and careful 
assessment. For example, we are witnessing changes in the procedures 
for assessing road investments precisely because the objector to a 
motorway cannot understand the computerised techniques used for 
assessing traffic forecasts and time-saving benefits. Such a process can 
go too far: reduced to the lowest common denominator of understand- 
ing, one may get decisions based on no efficiency criteria at all, other 
than that participation has been maximised. 

But if participation is to be one of the integral parts of any definition 
of efficient decision-making—and this seems as justified for persons 
affected by road schemes as it does for the patient whose decisions 
are made by proxy by his GP—then it all has to be linked to parlia- 
mentary scrutiny, at least for those decisions which, on one criterion 
or another, are judged of ‘national’ importance. Yet those links are 
tenuous in the current state of UK politics. No real mechanism exists 
for linking planning procedure at the local level with parliament, only 
with the relevant Secretary of State. Select Committees surely have 
a greater role to play and Heald, in his essay, surveys the political 
debate on this issue with admirable clarity. His prime concern, how- 
ever, is with the overall capacity of parliaments to scrutinise public 
expenditure and taxation plans. The message is clear: those powers 
that do exist are distinctly inadequate and quite out of keeping with 
the workings of a sensible democracy. 
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CONCLUSIONS 


In the space of one collection of papers it has not been possible 
to range across the many other issues that require discussion. It is 
hoped, nonetheless, that the papers in this special issue will serve 
to stimulate progress in thought on the three major areas identified: 
(i) the issue of just what the size of the public sector should be; (ii) 
the issue of how rationally to assess expenditure decisions within any 
given sized public sector; and (iii) the issue of how best to integrate 


the goal of public participation into the concept of efficient decision- 
making. 
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The paper considers the extent to which problems of environmental pollution can be left to the 
market system. The concept of external cost is used to establish the presumption that market 
forces will lead to excessive pollution. The performance criterion, that of Pareto efficiency, leading 
to this presumption is discussed. It is shown that for significant problems of pollution it is not 
possible to limit the role of the state to that of re-defining property rights. What is necessary 
is state intervention by way of the taxing, or regulation, of discharges into the environment: 
where external effects are undepletable, markets cannot meet the requirements of Pareto efficiency. 
Government intervention to meet such requirements requires that the government has information 
which is, in practice, either unavailable or very costly. Intervention towards more restricted goals 
is discussed. It is shown that arguments to the effect that the role of the state can be restricted 
to defining private property rights are based on assumptions which are irrelevant to significant 
problems. In particular, it is argued that a recent publication by the Institute of Economic Affairs 
does not, as claimed, show either that external costs do not exist, or that they exist but imply 


a minor role for the state in the protection of the natural environment. 


INTRODUCTION 


A RECENT Institute of Economic Affairs publi- 
cation [7] claims in its title that social, other- 
wise known as external, costs are a myth. 
Actually, a less strong claim is advanced in the 
publication: that problems of external cost 
exist, but can be solved by re-drawing the 
boundaries of private property rights so that 
market trading over external effects can occur. 
These are important claims. It is the existence 
of external costs which is the basis for an argu- 
ment for government intervention in market 
systems. This argument is deployed. .primarily 
with respect to problems of environmental pol- 
lution: “the problem of environmental pollu- 
tion is a simple matter of correcting a minor 
resource misallocation by means of pollution 
charges” [4]. The purpose of this paper is to 
assess the claims made by the Institute of 
Economic Affairs. For this purpose it is necess- 
ary to consider the nature of problems of en- 
vironmental pollution, the concept of external 
cost and some recent developments in the 


economic analysis of environmental problems. 
It will become clear that while government in- 


-tervention is necessary, it is not likely to ‘solve’ 


the problems completely: the resource misallo- 
cation to be corrected is not aptly described 
as ‘minor’, and the matter is hardly ‘simple’. 
Too much can be claimed for governments, 
just as too much can be claimed for markets. 


The nature of significant problems of environ- 
mental pollution 


By way of definition, it will suffice to say 
that environmental pollution exists when the 
residuals arising in the activities of production 
and consumption are discharged into the 
natural environment in such quantities as to 
have adverse effects perceived by people. There 
is, again, no precise criterion which separates 
significant from non-significant examples of 
pollution, but precision is hardly necessary. 
The noise from a neighbour’s lawnmower may 
be highly irritating, but the significance of this 
problem is an order of magnitude different 
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from that of what is generally meant by ‘envir- 
onmental pollution’. 

It is now widely accepted that many pollu- 
tion problems have global dimensions, though 
there exists disagreement on the precise nature 
of the problems. Thus, while some take the 
view that the buildup of CO, in the atmos- 
phere will warm the planet and melt the ice- 
caps, others argue that particulates in the at- 
mosphere are reducing the penetration of solar 
radiation with the prospect of leading to a new 
ice-age. An excellent exposition of these views, 
and other global aspects of pollution, is [21]: 
see also, for a more recent assessment of the 
situation, [13]. There also exist global prob- 
lems associated with discharges of DDT, heavy 
metals and radioactive substances [21]: DDT 
residues have been found in whales which feed 
in the Chukchi and Bering Seas. Whatever the 
precise current state of knowledge on any of 
these questions, the possibility that the stability 
of the global ecosystem is threatened cannot 
be dismissed. Global pollution problems have 
three features of significance here. First, that 
the nature of the damage is uncertain but poss- 
ibly catastrophic. Second, the impossibility of 
establishing a definite link between an 
observed problem (Bering Sea Whales) and 
specific sources of residuals emission (farms in 
Iowa or Japan). Third, that the origins and 
consequences transcend the boundaries of 
nation states. The problems are not, then, 
readily amenable to conventional economic 
analysis. 

There remain cases of pollution which can 
reasonably be considered ‘regional’ in the sense 
that “the impact is largely constrained by some 
fairly definable environmental system that is 
less than global” [17]. Table 1 shows the quan- 
tities of gaseous residuals discharged into the 
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atmosphere over the USA in 1971. The resi- 
duals listed all have adverse effects perceived 
by people, the most widely investigated being 
human health effects. 

Taking, for example, the excess mortality in- 
duced by a ‘typical’ coal burning 1000 MW 
electricity plant, operating at a 75% load fac- 
tory in the USA, the range of estimates is from 
10 to 100 per year: see [14] and also [9]. For 
an analysis of the excess mortality implications 
of air pollution in the USA see [19]. It is a 
matter of every day experience, as well as an 
established research finding, that air pollution 
is especially a problem in large urban areas 
and cities. Definitionally, large cities contain 
large numbers of people affected by air pollu- 
tion. It is probable, though not definitional, 
that large cities contain many sources of emis- 
sion of residuals. Even if, in the absence say 
of private cars, there are but few sources, it 
is difficult to relate the emissions of a particu- 
lar source to ambient pollution levels, and ex- 
tremely difficult to relate those emissions to a 
particular individual’s experience of ill-health 
or death. For large cities, the limiting case 
must be just one source of emissions into the 
atmosphere—the electricity plant. say—with 
very many affected, in varying degrees perhaps, 
individuals. These remarks, it will be seen, are 
of central relevance to the possibility of leaving 
the control of air pollution to markets and 
private property rights. Obviously, similar 
remarks apply to other regional pollution 
problems such as the overuse of watersheds for 
residuals dumping. 

It is not impossible to think of cases where 
there are few affected individuals, few sources, 
and clear links between source and damage: 
the noise of lawnmowers or hi-fi equipment in 
a residential area; a neighbour piling unsightly 


TABLE I. ESTIMATED DISCHARGES OF GASEOUS RESIDUALS, NATIONWIDE BY SOURCE, 1971 (MILLION TONS) 




























































Carbon Sulphur Nitrogen 

Source monoxide Particulates dioxide Hydrocarbons oxides Total 

Transportation 77.5 1.0 1.0 14.7 11.2 105.4 
Fuel combustion in stationary 

sources 1.0 6.5 26.3 0.3 10.2 44.3 

Industrial processes 11.4 13.6 5.1 5.6 0.2 35.9 

Solid residuals disposal 3.8 0.7 0.1 1.0 0.2 5.8 

Miscellaneous 6.5 5.2 0.1 5.0 0.2 17.0 






Total 100.2 27.0 32.6 26.6 22.0 208.4 





Source: Council on Environmental Quality, Environmental Quality—1973, Washington, DC, 1973, p. 266. 
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rubbish in his garden; a workshop or farm that 
leaves rusting machinery about the place; a 
factory chimney in a remote and _ sparsely 
populated area. But such cases are hardly 
examples of the environmental pollution that 
is nowadays, rightly or wrongly, held to be a 
serious problem of recent origin. The signifi- 
cant pollution problems are characterised by 
many sources and/or many affected indivi- 
duals, and by non-obvious links between 
source and individual damage. 


THE SIMPLE ECONOMICS OF 
EXTERNAL COST 


Consider some productive activity, associ- 
ated with which are a number of desirable 
effects and a number of undesirable effects, 
where in both cases the magnitude of an effect 
increases with the level of the activity. Denot- 
ing the activity level by x, desirable effects as 
y’s, and undesirable effects as z’s: 


Ay. 
yi = YX) = >0 fori=12...., 
ox 


. 
dz 

2; = 2x) —>0 for j = 1.2,....n 
ox 


The problem is to decide upon the level at 
which the activity should be operated. An 
obvious rule would be to run the activity at 
the level which yields the greatest excess of 
desirable over undesirable effects. This rule is 
nonoperational, as both the desirable and un- 
desirable effects are heterogeneous so that 
neither class can be summed for comparison 
one with the other—apples cannot be added 
to pears, nor man-hours of labour to tons of 
fertilizer. The problem remains if there is just 
one effect of each class—apples are not com- 
mensurable with man-hours. An operational 
rule is to run the activity at the level which 
maximises the excess of benefit over cost. Bene- 
fit is the result of converting the measure of 
each desirable effect to that of value, by multi- 
plying quantity by price, and summing the 
value of all desirable effects. Cost is the result 
of the same conversion and summation over 
all undesirable effects. Benefit and cost are 
value totals which can be compared one with 
another: 


oB 07B 
- > 0, as < 0. 


Ox cx 


Benefit = ) p,y; = B(x) 
i=1 


C(x) 


Cost = } pjz;= 
j=l 
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The decision rule operate where the excess of 
benefit over cost is greatest can be differently 
expressed. From 


Maximise { B(x) — C(x)! 


we immediately get as necessary 


(1) 


as giving the required level of operation for 
the activity. In this form the rule says: operate 
where marginal benefit equals marginal cost. 
Figure 1 shows graphically the equivalence of 
the two versions of the rule. In the marginal 
form, this rule, with terminological adjust- 
ments, is all pervasive in economics. 

In either form, this rule solves the complex 
problem of deciding on the optimal level for 
an activity with many heterogeneous effects. It 
will be apparent that the role of prices in 
aggregation is crucial: different price sets will 
produce different levels for the activity and the 
associated effects, desirable and undesirable. 


Benefit 


Cost and benefit 
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Consider the same productive activity to be 
looked at by two different decision units. One 
is the firm which actually operates the produc- 
tive activity: its price set will be the set of mar- 
ket prices it faces. The other is some collective 
agency representing the interests of the society 
within which the firm exists. Under what cir- 
cumstances will firm and agency compute the 
same optimal level for the activity? The answer 
is if firm and agency operate with identical 
price sets. Now, in some very closely specified 
circumstances, market prices will be the prices 
appropriate for use by the agency, perhaps 
more readily called the government, or the 
state. The nature and significance of these cir- 
cumstances will be discussed shortly. For the 
moment, consider a case where there is one 
undesirable effect, the emission of a noxious 
residual into the atmosphere, to which the firm 
attaches a zero price where the government 
does not. Let this be the n’th effect, and take 
all other prices to be the same as between firm 
and government. Using the adjective ‘private’ 
to define the situation as perceived by the firm: 


Private Benefit = } piy; = PB(x) 
i-1 


0*(PB) 


2 


<0 


0x 
-1 


Private Cost = } p,z; = PC(x) 
joel 


; 8(PC 
SD sa: Son 


4 2 
Ox \ Ox 


The optimal level of the activity for the firm 
is the level which maximises the difference 
between private benefit and private cost, this 
difference to be called here net private benefit, 
and often referred to as profit. Thus, 


Maximise {PB(x) — PC(x)! 
is the same as 


Maximise | N PB(x)} 
with the equivalent marginal form: 


O(N PB) =); (2) 


Ox 
The firm’s decision rule is: operate where mar- 
ginal net private benefit is zero. Now, using 
the terms benefit and cost without qualification 
for matters looked at from the government per- 
spective introduces a definition of external 
cost: 
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Benefit = Private Benefit 
Cost = Private Cost + p,z, 
= Private Cost + External Cost. 


For the government, the optimal activity level 
is that which maximises: 


Benefit — Cost = Private Benefit — Private 
Cost — External Cost 
= Net Private Benefit 
— External Cost. 


The socially optimal level of the activity x is 
given by 


Maximise {NPB(x) — EC(x)} 


yielding the marginal version: 


O(NPB) _ O(EC) 


Ox Ox 


(3) 


The social interest requires a level of operation 
such that marginal net private benefit equals 
marginal external cost. As shown in Fig. 2, the 
socially optimal level, X*, given by (3) is lower 
than the optimal level for the firm, X >> given 
by (2). 

The question which now arises is: in what 
circumstances will the possibility of different 
price sets for firm and government not arise? 
Put slightly differently: under what circum- 
stances will the pursuit of private gain through 
market transactions serve the interests of 
society as a whole? Economists have devoted 
a lot of attention to this question in the 200 
years since Adam Smith [27] promoted the 
idea that market trading would reconcile the 


Marginal costs and benefits 











Omega, Vol. 7, No. § 


private and the social interest: the circum- 
stances under which economic activity can be 
left to Smith’s ‘invisible hand’ are now closely 
defined. The subject matter here is ‘welfare 
economics’ and ‘general equilibrium analysis’: 
a concise and rigorous account of the essen- 
tials, with references to the literature, is in 
Chapters 9 and 10 of [15]; see also [5]. For 
the present purposes, the most significant of 
the circumstances is one which is frequently 
left implicit: that there exist tradeable private 
property rights in all inputs to, and outputs 
from, productive activity. It is also required 
that all of the individuals in the economy be 
fully informed as to the consequences of any 
prospective market exchange. Also of relevance 
here is the condition that no participant in 
market exchange has the power to influence 
the terms on which exchange takes place: all 
traders are ‘price-takers’. It will be clear that 
the conditions under which the invisible hand 
of the market promotes the social interest are 
restrictive. It is also the case that, given that 
the conditions are satisfied, the sense in which 
market trading maximises the social interest is 
rather restricted. The basic theorem of welfare 
economics says that, given the conditions de- 
scribed and some others of primarily technical 
interest, a market economy will secure an allo- 
cation of inputs to and outputs from produc- 
tion which is ‘efficient’ in the sense that no in- 
dividual in the economy can be made better 
off except by making some other individual(s) 
worse off. This is not a strong result. It is that, 
under ideal conditions, all the potential gains 
from trade will be realised by self-seeking indi- 
viduals. The condition of efficiency—often 
referred to as Pareto efficiency, or Pareto opti- 
mality—does not define a unique allocation. 
Consider, for example, two individuals ship- 
wrecked on a desert island together with a 
limited amount of canned food. Any allocation 
of this food, including one in which one indivi- 
dual’s share is zero, is Pareto efficient. Effi- 
ciency does not necessarily imply fairness. 
Given the condition that no individual can be 
made better off except by making some other 
individual worse off, there remains the ethical 
question of the distribution of ‘well-offness’ 
across individuals. The market is neutral in this 
respect. Given some pre-trade distribution of 
wealth, market trading will produce an efficient 
outcome. But, this is all that can be claimed 
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for markets, even under ideal conditions. Given 
this, very few economists argue against govern- 
ment activity to achieve some view of fairness 
or justice in the distribution of wealth and in- 
come. 

Indeed, the point of the basic theorems of 
welfare economics is that they indicate that the 
problems of distribution and efficiency can be 
approached separately: under the specified 
conditions, society can take and enforce a view 
on distribution, leaving the achievement of effi- 
ciency to the market system. This is con- 
venient, for it means, if accepted as operative 
in actual economies, that economists can 
debate the need for government intervention 
to secure efficiency, without necessarily con- 
sidering the distributive implications of inter- 
vention. These can be taken care of by re-dis- 
tributive taxes and grants. Thus, the problem 
of external cost is a problem of the failure of 
the market to achieve efficiency. It is conven- 
tional to discuss proposed remedies only in 
terms of the achievement of efficiency, ignoring 
the distributional implications. This conven- 
tion is followed, but not defended, here: for 
a discussion of some of the distributional issues 
which arise in the context of environmental 
protection see Chapter 13 of [2], and [11]. The 
separation of questions of efficiency and distri- 
bution does not mean, as is often implied, that 
the concept of Pareto efficiency is ethically 
neutral, or value free. As used, the concept 
requires that whether an individual is made 
better or worse off is decided only in terms 
of the subjective evaluation of the individual 
concerned. The value premise is then that the 
social good is to be measured only in terms 
of subjective individual preferences: for further 
discussion of this point see, for example, [25]. 
While it may be argued that in some circum- 
stances this is innocuous, it will be clear from 
the previous section that it is not obviously 
appropriate when considering problems of en- 
vironmental pollution. 

In introducing the definition of external cost 
above, an example was used where a firm 
released, as an effect of its productive activity, 
a noxious residual into the atmosphere. To this 
effect, the firm attached a zero price where the 
interests of society as a whole, represented by 
the government, did not. The source of this 
example of market failure to secure efficiency 
in allocation is the absence of property rights 
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in the atmosphere. The atmosphere as recipient 
for residual discharge can be looked at as an 
input to production, or a particular atmos- 
pheric quality can be looked at as an output 
from production. Looked at either way, the at- 
mosphere is not something in which there 
generally exist tradeable private property 
rights. As a result, the firm treats the atmos- 
phere as a free input to production, or treats 
a polluted atmosphere as a consequence of its 
activities for which it is not made responsible. 
The result is overuse of the atmosphere: with 
respect to the efficiency criterion, the firm oper- 
ates the activity x at too high a level and emits 
too much of the residual. If this is accepted, 
how can efficiency in allocation be achieved? 
In terms of Fig. 2, the question is how can 
the firm be induced to operate at the level X* 
rather than at the level X} where its own inter- 
est is best served? There are two sorts of 
approach to consider. The first involves chang- 
ing the legal framework such that private pro- 
perty rights are created where their absence 
gave rise to the external cost problem. This 
solution involves government intervention of a 
limited kind: the government changes the rules 
of the market game, then withdraws. The 
second approach involves continual govern- 
ment intervention. The government effectively 
takes collective property rights, and it, or some 
appointed agency, then takes measure to in- 
duce the firm to operate at X*. The most 
obvious form of ‘inducement’ is for the govern- 
ment simply to instruct the firm to operate at 
the level X*. Such a regulatory approach is 
generally thought by economists to be less 
desirable than the imposition of taxation on 
residuals emission, such that the after-tax 
marginal net private benefit function cuts the 
horizontal axis at X¥ in Fig. 2. Two points 
apply equally to the regulatory and taxation 
solutions. First, as already noted, they give the 
government a permanent role. Second, they 
require that the government, or its appointed 
agency, has the information necessary to iden- 
tify the activity level X*. This is, as critics of 
the collective property rights approach point 
out, a strong requirement, and one which the 
private property rights solution avoids since 
market bargaining will itself reveal where X* 
is. Unfortunately, it is not possible to believe 
that the private property solution is applicable 
for significant pollution problems. In the case 
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of air pollution used as an example here, the 
difficulties of establishing private property 
rights in the air over a large city, will, no 
doubt, have already struck the reader. As, no 
doubt, will the difficulties of conceiving what 
kinds of bargain would be struck, if private 
property rights could be established. 

The next section of this paper will consider 
the case for, and nature of, the private property 
rights approach. The subsequent section will 
deal with the collective property rights 
approach. At this point it is necessary to point 
out that external costs are not the only possible 
source of market failure, and that external 
costs may occur together with other violations 
of the conditions necessary for markets to 
achieve efficiency, such as the existence of 
monopoly power. In such cases the analysis 
becomes much more complex, and leads to less 
clear cut implications than does the existence 
of external cost alone. Thus, for example, if the 
firm conducting the activity which gives rise 
to residuals emissions is a monopolist, it is not 
certain that the activity level it considers opti- 
mal, in the absence of any property rights in 
the atmosphere, will be too high for efficiency 
in allocation: it may be too low. These ad- 
ditional complexities are ignored throughout 
this paper: the interested reader is referred to 
[2], especially Chapters 6, 7 and 8. 

Recognition of the existence of external costs 
goes back some way in the literature of econo- 
mics. They appear, as do most ideas in econo- 
mics, in Marshall’s ‘Principles’ [22]. The first 
systematic treatment is by Pigou [26] in the 
1920's: Pigou’s proposed solution was a system 
of corrective taxes, and such are nowadays 
called ‘Pigovian taxes’. With some exceptions 
(see [16]), the economics profession did not, 
until the early 70’s regard external costs as a 
burning issue. The topic was not without 
theoretical interest, but the problem was not 
considered pressing in fact: for a useful review 
of the post World War II literature see [24]. 
This situation arose in part from an implicit 
endorsement of Pigou’s view that external costs 
were exceptional, rather rare blemishes on the 
market system. This assessment has, at least 
with respect to environmental pollution, been 
drastically revised for many economists in the 
last decade. One factor in the re-assessment is 
a response to observed pollution problems. 
Another factor has been a revision in the view 
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of wk .t it is that an economic system (any 
econ mic system) does. This revision is primar- 
ily associated with the materials balance prin- 
ciple, spelt out in [18]: a less formal, if more 
memorable, statement of the same perspective 
is Boulding’s notion of the ‘spaceship economy’ 
[6]. According to the materials balance prin- 
ciple, an economy returns to the natural en- 
vironment as residuals a quantity of materials 
approximately equal to the tonnage of raw 
materials extracted from the natural environ- 
ment. Residuals discharges are then, routine 
and pervasive, not exceptional. In itself, this 
does not, of course, imply that external costs 
are pervasive. However, given the observed 
current lack of private property rights in 
airsheds and watercourses, there is a strong 
presumption that external cost problems are 
far from being rare or exceptional. 


THE COASE THEOREM 


An important, but sometimes misunder- 
stood, contribution to the theoretical literature 
on external cost is Coase’s ‘The Problem of 
Social Cost’ [8]. Published in 1960, this contri- 
bution has by now had conferred on it the 
status of theorem, which has two parts: 


(i) in a world where no individual or firm can influence 
the terms on which trade takes place, where all indivi- 
duals and firms have perfect information, and where 
private property rights can be costlessly established 
and enforced, external costs will not exist and private 
bargaining will secure an efficient allocation of 
resources. 


in such a world, resource allocation will be efficient 
whatever the particular legal rules on the direction 
of liability. 


Coase himself did not put matters quite this 
way, and it is possible to disagree about what 
he actually meant to say: see, for example, [24] 
and [20]. However, (i) and (ii) constitute what 
is now known as the Coase Theorem. It might 
be noted that (i) is effectively a restatement of 
the basic theorem of welfare economics: where 
they can, rational individuals will realise all 
potential gains from trade. It can also be noted 
that, with respect to (ii) especially, nothing is 
said about distribution. 

The content of (i) and (ii) can be elucidated 
using Fig. 2, and extending the earlier discus- 
sion of the firm discharging a residual into the 
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atmosphere. Take it that all of the emitted nox- 
ious residual falls eventually onto the lawns of 
an estate adjacent to the firm, damaging the 
grass, and that it is known to both firm and 
estate owner that the damage to the grass is 
due solely to the firm’s emissions. Suppose 
that, by virtue of the enactment of a law giving 
individuals property rights in undamaged 
lawns, the estate owner is able to extract, cost- 
lessly, full compensation for damage from the 
firm. Then, estate owner and firm will reach 
a bargain which will involve the firm running 
the activity of production at the level X* in 
Fig. 2. In that Figure, areas under the marginal 
external cost, MEC, and marginal net private 
benefit, MNPB, lines are value totals for 
damage costs borne by the estate owner and 
profits to the firm respectively. With a bargain 
involving the activity level X*, the firm makes 
profits given by the area | plus 2, and pays 
out in compensation an amount given by the 
area 2. Consideration of marginal displace- 
ments to either side of X* will indicate that 
this is the best that the firm can do for itself, 
given the liability rule of the legislation. The 
estate owner suffers damage given in value by 
the area 2, and receives full compensation. Bar- 
gaining itself reveals the efficient position. 
Now, suppose that a different law had been 
enacted, giving firms property rights in the at- 
mosphere. In this situation it is open to the 
estate owner to seek reductions in the damage 
to his lawns by offering the firm compensation 
for curtailment of its activity. Again, assuming 
costless bargaining and equal bargaining 
power, the result of the estate owner so doing 
will be that the firm ends up operating at X*. 
In this assignment of liability or property 
rights, X¥ will involve the firm foregoing profits 
in amount given by the area 3, for which loss 
it receives full compensation from the estate 
owner, so that its final profit position is as it 
was before the legislation. The estate owner is 
better off than he was before the legislation: 
by paying out an amount given by area 3, he 
avoids damage which he values at the area 3 
plus the area 4. Again, consideration of mar- 
ginal displacements to either side of X* will 
indicate that this is the best position for the 
estate owner, given this assignment of liability. 
The firm, in this case, is fully compensated for 
any lost profits. Again, bargaining itself reveals 
the efficient position. 
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Now, the assumption of costless bargaining 
is perhaps a reasonable approximation with 
one pollution generator and one pollution 
receiver. It may be a reasonable approximation 
where there are few generators and few 
receivers. It is clearly not a reasonable approxi- 
mation where there are many generators 
and/or many receivers: in such cases bargain- 
ing, or transactions, costs must be non-zero 
and may be prohibitive. It follows that the 
Coase Theorem is simply irrelevant to large 
numbers cases. This is not solely a matter of 
transactions costs, as is sometimes implied. As 
already indicated here, significant problems in 
environmental pollution are almost certain to 
involve many affected individuals, no one of 
whom is able to identify the precise source of 
any damage felt. In such cases the problem is 
identifying an agent with whom to bargain: 
this problem too is sometimes swept under the 
transactions costs rubric. Bargaining requires, 
on the part of the pollution affected individual, 
the perception of damage at a point in time 
such that it is possible to secure a reduction 
in damage: with, for example, air pollution 
over large cities, such perception is simply not 
possible. Large numbers on either the generat- 
ing on the receiving side necessarily mean high 
bargaining, or transactions costs, and are typi- 
cally associated with highly imperfect informa- 
tion. The position on the Coase Theorem is 
well put in [2]: 


“It thus seems to us that the role of voluntary negotia- 
tion among individual decision makers is of limited 
applicability for environmental policy. Once asserted, 
the point is almost obvious. Yet it is important to nail 
it down. For example, it is surprising how many casual 
readers of the literature one encounters who feel that 
Coase’s shafts have dealt a fatal blow to the Pigovian 
solution in practice because, if negotiation moves 
resource allocation toward the ideal, the imposition of 
the optimal Pigovian taxes on top of this will prove 
too much of a good thing. The argument, so far as it 
goes, is valid. But if, in most important externalities 
problems, negotiation is impractical and virtually non- 
existent, the damage to the Pigovian position inflicted 
by this point can hardly be very serious.” 


UNDEPLETABLE EXTERNALITIES 
AND PIGOVIAN TAXES 


It is necessary now to outline briefly an 
analysis which is more appropriate to signifi- 
cant problems of pollution. This section of the 
paper draws heavily on the important recent 


(1975) work of Baumol and Oates [2]. Given 
a concern with large numbers cases, it is appro- 
priate to switch from the partial equilibrium 
analysis of previous sections, to a general equi- 
librium approach, looking directly at utility 
functions and production functions rather than 
at benefits and costs. An individual’s utility 
function is a description of his preference sys- 
tem, relating alternative consumption patterns 
to an (ordinal) index of the individual’s welfare, 
or utility. A firm’s production function is a 
description of its technology, relating input 
combinations to outputs. An externality, or 
external effect, is present whenever some in- 
dividual’s utility, or firm’s production, function 
includes real (i.e. non-monetary) variables, the 
levels taken by which are chosen by others 
without particular attention to the effect on the 
welfare of the individual or firm in question. 
On this definition, externalities can be benefi- 
cial as well as detrimental. Also, firms can give 
rise to externalities affecting individuals and/or 
firms, and individuals can give rise to externali- 
ties affecting firms and/or individuals. Here 
there will be considered only detrimental exter- 
nalities generated by firms, that is, in the pre- 
vious terminology, cases of external costs 
generated by firms. As pointed out by Bator 
[26], many externalities have the dimension of 
a public good, or bad, in that they are non- 
rival in consumption. Thus, all the residents 
of city experience the same air quality when 
they use the streets: nor does an increase in 
one individual’s respiration rate decrease the 
pollution available to the other city residents. 
Clearly, such non-rivalness in consumption is 
the appropriate first approximation to most, 
if not all, significant examples of environmental 
pollution. To avoid some of the connotations 
of the term ‘public goods’, Baumol and Oates 
have called externalities with this characteristic 
‘undepletable’ externalities. Depletable externa- 
lities can be defined, but it is difficult to think 
of interesting examples of detrimental externa- 
lities which are depletable in the pollution con- 
text. For discussion of this point, and of the 
taxonomy of externalities generally, see 
Chapters 3 and 4 of [2]. 

Consider now an economy with two indivi- 
duals, A and B, each consuming two commodi- 
ties, X, and X,, each of which is produced 
by a firm using labour supplied by the indivi- 
duals. In producing output, each firm generates 
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and emits into the atmosphere ‘smoke’: the 
level of smoke in the atmosphere adversely 
affects each individual and each firm’s output 
for given labour input and smoke emissions. 
The externality is undepletable. It should be 
noted that the use of a case with two firms 
and two individuals here is solely to simplify 
the exposition notationally: the analysis 
extends to any number of individuals, commo- 
dities and firms (see Chapter 4 of [2]), and is 
not concerned with the small numbers case dis- 
cussed in the previous section. In an obvious 
notation, the problem of defining a Pareto effi- 
cient allocation can naturally be set up as: 


Maximise U4(X 4, X4, L‘, Z); 


uj >0, wy >0, uf <0, uw <0 


subject to U5(X8, X8, 18. Z) = U8: 


up >0, u® >0, ub? <0, 


X44 X? = X,(L,,5S,, Z): 


Xp >0, xX 5 >0, 


X4 + X23 = X,(L,,5S,Z): 


Xo, > 0, X25 > 0, 


L+L,=2+L 


where Z = S, + S; gives the ambient pollution 
level, and where 


u4 = du4/dX4, ud = du*/0Z etc 


Xiz = OX, /OL;, X25 = OX 2/08, ete. 

Form the Lagrangian function with multi- 
pliers: A on the constraint that Bj, utility be 
held constant; , on the constraint for the pro- 
duction of commodity I; 1, on the constraint 
for the production of commodity 2; 3 on the 
labour availability constraint. Then, the prob- 
lem specified has first order conditions which 
can be written as: 


A 
"a a? 
oe: ee oie 


uf ul —p, 


Y Vega 
UL UL b2 


MiXi_ — M3 = 9, f2X2_ — Ws = 0 


us + Au8 + M1 (X15 + X12) + H2X2z = of 


uz + Aue + pyX1z + M2(X2z + X25) = Of 


(6) 


Consider now utility maximisation by house- 
holds and profit maximisation by firms, where 


commodity prices are yw, and p>, where the 
wage rate is 3, and where there is tax of t 
per unit on emissions of smoke. For household 
A, the problem is 


Maximise U4(X4, X4, L*, Z) 
subject to w3L4 — pw, Xf -— w,.X7 =0 


which gives first order conditions: 


we py ue mh P 
pay Tax Scrat 7 nox aos’ (4) 
uy fa UL M3 

Considering household B in the same way will 


give: 
(7') 


Utility maximisation by households satisfies 
the necessary conditions (4) for Pareto effi- 
ciency, as (7) and (7’) correspond to (4). Look- 
ing at profit maximisation by the firm produc- 
ing commodity 1, the problem is 


Maximise My X (Ly, S;, Z) ~~ b3L, - tS, 
which has first order conditions: 


WyXip — 3 = 9, wyXy5 —t = 0. 


Considering the profit maximising production 
of commodity 2 in the same way, the condi- 
tions describing profit maximisation in produc- 
tion are: 


MiXin — Hy = 9, b2X2p — ws = 0 (8) 


—t+ pyX;5 = 0 
—t + [2X25 = 0 (9) 


Comparing (5) and (8), they are seen to be the 


same. Comparing (6) and (9), they are seen to 
be the same if and only if 


t= — \(uZ + Au’) + MyXiz + 2X27; (10) 


Thus, it is shown that given the imposition of 
a uniform tax on smoke emissions, at the rate 
given by (10), the market will meet the condi- 
tions for efficiency in allocation. 

It is very important to note that what has 
been shown is that efficiency requires only a 
tax on emissions. There is not required, as is 
sometimes argued, any payment to the indivi- 
duals and firms who are affected by the exter- 
nality. Looked at slightly differently, the point 
is that efficiency requires an asymmetry in that 
externality generators are made to face a price, 
but the externality recipients are not: from the 
point of view of the generating firm smoke car- 
ries a price, from the point of view of the suffer- 
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ing individuals and firms smoke does not carry 
a price. Now, no price determined in any kind 
of market can exhibit such asymmetry: no 
‘price’ can be simultaneously zero and non- 
zero. With undepletable externalities there is 
no possibility of securing efficiency by estab- 
lishing some new market. What is required is 
a Pigovian tax, and the government is the only 
agency capable of levying this. However, what 
(10) further shows is the nature of the informa- 
tion requirements which face a government 
seeking to secure efficiency in allocation in an 
undepletable externality situation. From (10), 
it is apparent that the>government needs to 
know the utility functions of individuals and 
the production functions of firms. Further, 
what the government needs to know is not the 
marginal utilities and marginal products evalu- 
ated at the consumption and output levels 
obtaining prior to its intervention, but the mar- 
ginal utilities and products evaluated at the 
efficient consumption and output levels. This 
implies a knowledge not just of preferences and 
technologies in the neighbourhood of the pre- 
intervention situation, but of preferences and 
technologies over their whole domain. This is 
an unrealistic requirement to place upon 
governments. 

For this, and other reasons (such as the pos- 
sibility that the existence of external effects 
may itself lead to the violation of the condi- 
tions under which the existence of an efficient 
competitive equilibrium can be proved—see 
Chapter 8 of [2]) some economists have con- 
cluded that the goal of efficiency in allocation, 
in the face of externalities, has to be aban- 
doned. Is there, in this case, anything useful 
for economists to say? The so-called ‘least-cost’ 
theorem states that uniform taxes per unit of 
a particular residual discharge are the cheapest 
way of securing any arbitrary reduction in the 
level of pollution: for a full account of this 
theorem see [3] or Chapter 10 of [2]. Here 
‘arbitrary’ means only that the reduction 
required has not been established with refer- 
ence to the criterion of efficiency. Suppose that 
on the best medical and scientific advice it is 
necessary to cut ambient pollution by 10%. 
Then, the cheapest way to proceed is to levy 
a uniform tax per unit of discharge across all 
discharge sources, rather than to require a 10% 
reduction by all sources. The essential point 
is that the cost of achieving a 10% reduction 
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in discharge must be expected to vary across 
sources, i.e. firms. A uniform tax rate means 
that firms will each cut back on discharges by 
an amount which reflects their assessment of 
the post-tax costs and benefits. The overall 
reduction will be concentrated with those firms 
where reduction is relatively cheap. Further, 
this is achieved without the need for the 
government, or its agency, to know anything 
about the firms’ production functions, and the 
tax rate required to achieve the overall 10% 
reduction can be discovered by an iterative 
trial and error process. The conditions required 
for the least cost theorem are fairly weak. 
However, the theorem’s wide applicability is 
achieved at the cost of abandoning the goal 
of allocative efficiency. It should be noted es- 
pecially that the least cost theorem does not 
say that the costs of achieving the desired pol- 
lution standard will necessarily be small, it says 
only that, as measured by market prices they 
will be least. What is essentially a variant of 
the “uniform tax to achieve an arbitrary stan- 
dard” proposal, but with a different assignment 
of property rights, is Dales’ proposal [10] for 
the auction of pollution rights. For further 
discussion of the least cost theorem, and a 
description of empirical studies of particular 
environmental quality management problems 
see [17], which provides further references to 
the literature. 


THE MYTH OF SOCIAL COST? 


The preceding sections of this paper have 
shown that with respect to significant environ- 
mental pollution, there is a presumption that 
there is a necessary role for on-going state in- 
tervention. As noted at the beginning of this 
paper, this position is attacked in a recent pub- 
lication of the Institute of Economic Affairs 
[7], entitled The Myth of Social Cost by SNS 
Cheung, with contributions by CK Rowley and 
J Burton. It is now possible to assess that 
attack. If some of the remarks which follow 
are rather strongly expressed, it must be borne 
in mind that the authors concerned have expli- 
citly addressed themselves to a non-specialist 
audience on a politically sensitive topic, claim- 
ing particular technical expertise. 

In his Prologue, Rowley begins equivocally: 
“Society might be better off if the ‘problem’ of 
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social cost had never been discovered” (italics 
added). Rowley is not prepared to deny the 
existence of social, i.e. external, costs. Nor is 
he sure that society would benefit from ignor- 
ance of their existence. While claiming that 
Coase [8] refuted the case for government in- 
tervention where external costs exist, Rowley 
notes that Coase’s theorem assumes zero trans- 
action costs, that “Transaction costs may fre- 
quently increase with the number of indivi- 
duals”, and that “the transactions costs of 
resolving an externality problem may be high”. 
Indeed, “the existence of a problem of social 
cost in itself indicates the presence of ‘transac- 
tions’ costs” for “Why else would individuals 
forgo the gains from exchange which always 
exist where there are externalities?” Thus, Row- 
ley has to concede that there are circumstances 
where “government intervention will appear 
appropriate”. The concession is followed by a 
series of warnings: governments are not per- 
fect, governments are not costless, governments 
respond to voters and pressure groups. With 
these warnings in mind, equivocation can be 
abandoned: “The supposed existence of ‘social 
cost’ has been one of the foremost pretexts for 
which such (individual) freedom has been 
transgressed and by which the authority of 
government has been extended” (italics added). 
No evidence is offered for this remarkable em- 
pirical assertion. If by ‘social cost’ Rowley 
means here, as he does elsewhere, an external 
cost associated with environmental pollution, 
the assertion is not remotely plausible. Such 
extravagance promotes neither the rational 
analysis of government behaviour nor the 
cause of individual freedom, which is con- 
fronted by more real and serious threats than 
government intervention in markets for the 
purpose of reducing environmental pollution. 

Burton’s contribution takes the form of an 
Epilogue, which adds little of substance and 
requires only two comments here. The first 
concerns Burton’s exposition of the Coase 
Theorem, where all references are to a singular 
externality ‘producer’ and a singular externality 
‘consumer’. Such precise reporting does not 
prevent Burton from concluding that: “The 
Coase analysis knocked the supports from 
under the Pigovian analysis, and pointed to en- 
tirely different implications for public policy”. 
As will now be clear, such ‘entirely different 
implications’ are relevant to a restricted set of 


problems which do not include the significant 
environmental pollution problems. Secondly, 
some comment is necessary on Burton’s discus- 
sion of the ‘problem of the commons’ with re- 
spect to the recent problems—mass starva- 
tion—of the Sahelian region of Africa. Burton’s 
point of departure is the assertion that private, 
as opposed to communal, land ownership is 
necessary and sufficient to prevent desertifica- 
tion. This assertion is unfounded. It is now a 
well known result in the theory of renewable 
resources that sole ownership is not sufficient 
to prevent the extinction of a renewable 
resource [28]. The American dustbowl was, for 
example, created under institutions of private, 
not communal, land ewnership. Further, pri- 
vate ownership is not a necessary condition: 
societies where private ownership of natural 
resources is unknown have _ successfully 
exploited such over millenia. Burton himself 
notes: “For millenia... the peoples of this 
(Sahelian) belt have utilised a system of tribal 
or communal ownership of land”. Notwith- 
standing this interesting fact, Burton asserts 
that the basic cause of desertification is “the 
attenuation of private property rights”, the 
problem so arising being “exacerbated by 
government attempts to increase pastoral pro- 
ductivity”. Burton confidently dismisses as 
either irrelevant or harmful all measures other 
than the institution of a ‘private property solu- 
tion’. Despite the nonexistence of private 
property rights for ‘millenia’, Burton finds it 
necessary to offer no remarks on how to move 
towards this ‘indispensable’ solution. It would, 
presumably, involve some government inter- 
vention. Rowley’s concern with the threat to 
individual freedom from taxes on discharges of 
harmful residuals stands in interesting contrast 
to Burton’s blithe indifference concerning the 
implications, in Africa, of imposing upon a cul- 
ture what is, by his own account, an alien sys- 
tem of land tenure. 

The longest contribution to The Myth of 
Social Cost is that of Cheung. This contribu- 
tion is less polemical than the other two, but 
it is not, as is claimed by the Institute’s Editor- 
ial Director, “up-to-date in the light of the 
latest developments in the debate between 
economists”. Cheung takes as the definitive 
statement of the case for state intervention the 
work of Pigou [26] published in 1920: the 
most recent reference cited on the intervention 
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side of the debate is [23] from 1952! Most of 
Cheung’s contribution is taken up by a simple 
numerical example, used to illustrate various 
ways in which the partial equilibrium analysis 
of the external cost problem can be presented. 
Recent general equilibrium treatments, such as 
those in the previous section of this paper, are 
ignored completely. The contribution of Coase 
is discussed at some length. Cheung is actually 
very clear on the status of this contribution: 
“Under the preceding broad definition of trans- 
action costs, and accepting the conclusion of 
the Coase theorem, to say that transaction 
costs are zero is identical to declaring the exist- 
ence of private property rights” (italics in the 
original). The Coase theorem works by assum- 
ing away the problem. 

The interesting part of Cheung’s contribu- 
tion is his section on “Fallacies in Reporting 
Observations”, which is presumably seen as the 
empirical basis for the assertion, in the title 
of the paper, that social costs are a myth. 
Cheung claims that “Using imaginary ‘facts’ to 
support imaginary policies seems habitual in 
the Pigovian tradition”. Cheung considers two 
cases where divergences between private and 
social price sets have been suggested. Pigou 
[26] took the view that tenant farming was 
less efficient than owner farming: Cheung pro- 
vides what he takes to be a refutation based 
on data for China for 1920-1935. Meade [23] 
illustrated the possibility of the existence of an 
external benefit the relationship between bee- 
keeping and apple farming: Cheung provides 
evidence for the USA to show that “contrac- 
tual arrangements have long been routine 
between farmers and beekeepers”. This is the 
totality of the empirical evidence offered by 
Cheung on the existence of external effects. Not 
one significant problem of environmental pol- 
lution is mentioned here. Indeed, Cheung 
states: “The costs of private contracting are not 
always and necessarily lower than the costs of 
deriving and enforcing public policies to 
achieve the same end. What is true of the bees 
should not be generalised to all other economic 
activities”. 

Cheung warns that “any government action 
can be speciously justified on efficiency 
grounds by the simple expedient of assuming 
that transaction costs in the market are high 
and that the costs of governmental control are 
low”. Readers of The Myth of Social Cost 
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should also be warned that it is possible to 
construct specious arguments against govern- 
ment action by extrapolating results which 
hold only for special cases, the Coase Theorem 
being a case in point. While the three authors 
of the Institute of Economic Affairs are gener- 
ally, but not always, careful to avoid analytical 
errors and to qualify their technical statements, 
they do lend their names to what is a mislead- 
ing and mischievous overall exercise. Accord- 
ing to the Institute’s Editorial Director: “If our 
three authors are right, the continued teaching 
in Britain of the simplistic conventional 
approach to social cost/benefit is seriously 
flawed and dangerously misleading”. This 
assessment is in no way warranted by the three 
authors’ actual contributions. Rather, it is the 
Institute of Economic Affairs which misleads 
by presenting as a balanced and up to date 
account of the literature, what is an unconvinc- 
ing attack on an outdated strawman using an 
irrelevant weapon. There do exist significant 
problems of environmental pollution which 
require state action: neither the pretence that 
they do not exist, nor repeated incantations of 
the name of Coase, will make them go away. 
It is, of course, equally foolish to pretend that 
government action, though necessary, can 
cause the problems to vanish. There are no 
panaceas: “The truth, however unpleasant, is 
that the most we can do is to prevent any un- 
necessary depletion of resources and any un- 
necessary deterioration of the environment, but 
without claiming that we know the precise 
meaning of unrecessary in this context” [12]. 
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The public sector is composed of a heterogeneous selection of undertakings which, for a variety 
of economic, political and historic reasons, are under direct government control. The considerable 
differences between these undertakings, combined with a paucity of common characteristics, has 
resulted in a variety of decision-making techniques being employed. In many cases there is an 
affinity with private sector firms, and techniques technically akin to the profit maximisation model 
are adopted although social welfare considerations supplant notions of financial returns. As with 
the private sector, textbook models are frequently abandoned to make way for more pragmatic 
criteria when informational or computational problems become severe. Additional to these undertak- 
ings using techniques parallel to those of the private sector, there are others for which specific 
decision-making models have been developed. These are mainly in areas where effective demand 
is considered inappropriate as a method of allocation and appraisal. Finally, there is some evidence 
that, as the multi-dimensional nature of public sector decisions becomes more widely accepted, 


the notion of satisficing is gradually gaining acceptance replacing that of maximising. 


INTRODUCTION 


THE POST-WAR period has witnessed a sub- 
stantial growth in the public sector as govern- 
ment has deemed it desirable, for a variety of 
economic, social and political reasons, to play 
an increasing role in the provision of goods 
and services. Whereas at one time the meaning 
of economic efficiency was reasonably clear, 
the growth of an extensive public sector, where 
cost minimisation and profit maximisation are 
less compelling objectives, has led to the adop- 
tion of much wider concepts of efficiency. This 
does not mean that the financial considerations 
which play such an important role in private 
sector decision-making are entirely displaced, 





' The 1978 White Paper on the nationalised industries, 
for example, argues that, “An adequate level of national- 
ised industry profits is essential to the continual well being 
of the industries and their customers and the economy 
as a whole. They provide some of the funds for the very 
large investment programmes necessary to maintain sup- 
plies and services to the public”. (26, pp. 22-3). 


but rather that they are supplemented and 
modified by public-sector undertakings to re- 
flect a much wider and less tangible set of goals 
and objectives. 

The extent to which public sector decision- 
making deviates from models of the private 
sector varies quite considerably between differ- 
ent areas of government involvement. Quite 
clearly, in some sectors, such as education, 
health, police, defence and the provision of 
roads, the lack of a direct charging mechanism 
renders commercial criteria useless. At the 
other extreme, many of the nationalised indus- 
tries operate in a market situation and, 
although controls are exercised to prevent 
monopoly exploitation, financial criteria have 
a very important function in decision making.' 
As we see later these differing features of public 
sector undertakings provide a useful method 
of categorisation when discussing decision- 
making frameworks. 

The differing characteristics of public sector 
activities should not be taken as a reflection 
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of differing objectives. Rather they indicate dif- 
ferences in the constraints confronting the deci- 
sion maker. The overriding objective which un- 
derlies all public sector decision-making is the 
maximisation of society’s welfare but the vary- 
ing characteristics and differing operational en- 
vironments of the sector’s undertakings present 
a complex of constraints which cover social, 
political and environmental considerations as 
well as those of a financial nature. Education 
and health, for example are deemed to be 
‘merit goods’ [21] for which no charge should 
be made, while the provision of transport infra- 
structure involves taking account of a variety 
of external costs, such as environmental 
damage, which do not normally enter into 
market trading [41]. Even for commodities 
which are bought and sold, the government 
takes cognizance of a much wider range of con- 
straints than would be the case with private 
sector provision. Decisions concerning energy, 
for example, and the exploitation of coal, gas 
and oil reserves involve taking a very long term 
view of the nation’s needs in addition to poten- 
tial short term profits. 

Although there is a single objective in the 
overall policy formulation, public sector under- 
takings require, for pragmatic reasons, to spe- 
cify more concrete goals by which to gauge 
their performance.” The operational goals of 
different sectors vary quite substantially as 
emphasis is placed upon different components 
of the overall social welfare function. It is the 
differences in constraints and goals which has, 
until comparatively recently, prevented system- 
atic methods of decision-making being intro- 
duced into public sector undertakings. Until 
the mid 1960s, decision-making in the public 
sector was characterised by ad hoc rules of 
thumb. Concern with the allocation of public 
expenditures in general, as expressed in the 





> The problem of defining an acceptable social welfare 
function has exercised economists for many years; see [14]. 


> Perhaps the most tangible recognition of this need was 
the establishment of public expenditure review procedures 
in 1969 [25]. For details of the development of public 
expenditure management see [17]. 

* PPBS is itself often called Programme Budgeting or 
Output Budgeting although at other times these simply 
refer to stages in the wider process. System analysis is 
another term which is often introduced and can take 
several meanings, sometimes with specific connotations 
related to operations research but frequently of a more 
general nature. 
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Plowden Report of 1961 [23], led to attempts 
at improving decision-making throughout the 
public sector.* 

It was realised that the traditional emphasis 
on inputs (i.e. the money, man-hours etc. con- 
sumed by projects) did not sufficiently relate 
expenditures to the goals which were being 
pursued. Further, most decisions tended to be 
based upon short term considerations and, 
specifically, on a single year’s costings which 
seemed inappropriate for many public sector 
undertakings with very long term policy hori- 
zons. Such criticisms led to the gradual 
acceptance, in broad terms, of the planning- 
programming-budgeting systems (PPBS) 
framework for decision-making [2,3]. The 
United Kingdom was not unique in this and 
mirrored a trend already begun in the United 
States and also being pursued at a slightly 
slower and more measured pace in Canada, 
Sweden and France [53]. 


PLANNING-PROGRAMMING- 
BUDGETING SYSTEMS 


One writer on PPBS once said “there seems 
to be an unspoken ‘gentleman’s agreement’ 
that the basic terms need never be defined” 
[19] and certainly discussions of the approach 
are beset with terminological ambiguities. Even 
now no consensus on the appropriate jargon 
can be taken as definite. Rather than add to 
the confusion by introducing new terminology 
or attempting to unravel the existing tangle, 
this paper broadly accepts the definitions used 
by Foster [15]. His jargon certainly is not 
always consistent with other sources but it 
does at least provide an acceptable and uni- 
form basis upon which to discuss PPBS.* 

In essence PPBS is a framework within 
which attempts are made to identify expendi- 
tures and social outlays as closely as possible, 
and to relate them, in opportunity cost terms, 
to specific goals. Ideally, there would be one 
programme of action corresponding to each of 
the goals of the public sector. In practice, the 
real world involves taking into account admin- 
istrative and physical considerations which 
prevent this ideal being attained. Government 
goals, for instance, usually span several of its 
departments which makes strategic decision 
making extremely difficult. Nevertheless, the 
overall Public Expenditure Survey forward 





Omega, Vol. 7, No. 5 


budget in the UK is based upon a functional 
classification in the PPBS manner. Despite this 
gradual movement, PPBS is still not employed 
with effect at the strategic level within the UK 
but it is widely used for tactical decision-mak- 
ing within departments. (Strategic decisions fol- 
low from inter-departmental analysis, co- 
ordinated by the Public Expenditure Survey 
Committee, and are made collectively by 
Ministers early each year.) The hope is that 
with the aid of PPBS procedures, a department 
may more clearly define what its objectives are, 
what activities contribute to these objectives, 
what resources or inputs are contributing ‘to 
these objectives and what is actually being 
achieved or what the outputs are. PPBS can 
be seen, therefore, as a method of organising 
material, marshalling facts and ideas together, 
in such a way that better decisions are reached. 
It is not in itself a method of arriving at the 
‘correct’ decision. 

Broadly, PPBS involves the integration of 
three basic functions. Planning is concerned 
with surveying the existing situation, projecting 
future trends and determining appropriate 
goals and objectives. Programming involves 
formulating various projects and courses of 
action to achieve the agreed set of goals and 
objectives. Budgeting incorporates both costing 
(in broadest economic sense) the projects and 
actions to be implemented, and the establish- 
ment of a system of controls to monitor these 
costs. At the tactical level several forms of 
PPBS are employed but these can usefully be 
divided into two main groups which corre- 
spond roughly to the types of output of the 
sectors involved. 

In general terms it is possible to categorise 
certain public-sector authorities as providing a 
tangible output which is, or could be, mar- 
keted: in other words, goods and services to 
which normal neo-classical economic demand 
analysis may be applied. The nationalised in- 
dustries, transport, water and local authority 
housing are obvious examples. Such activities 
may be appraised using techniques akin to 
those employed by private sector undertakings. 





>A vast literature describing and discussing standard 
theoretical CBA techniques has grown up over the years 
(possibly justifying a CBA of its own worth). Good 
accounts may be found in [10, 32, 42, 44, 54] while [1] pro- 
vides a number of case studies. 
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The only real difference is that while private 
undertakings generally attempt to maximise 
producers’ surplus (the difference between sell- 
ing price and cost) public sector undertaking 
in this categorisation tries to maximise com- 
bined producers’ plus consumers’ surplus. The 
latter reflects the welfare enjoyed by consumers 
in excess of the prices they pay and may be 
measured by the area under the demand curve 
above price [9]. 

In contrast, there are many public sector ac- 
tivities for which, for one reason or another, 
demand is difficult to determine and, conse- 
quently, benefits are virtually impossible to 
assess. Such sectors often provide merit goods, 
where ‘need’ [58] is thought a more relevant 
criteria than demand, and, also, frequently 
have complex distributional issues to consider. 
Health, defence, police services, and the arts, 
broadly fall into this category. Additional to 
these two main groupings, which form the 
focus for the remainder of the paper, there 
exists a pot pourri of other public expenditures 
which act as instruments of government policy. 
A whole range of activities come under this 
umbrella including housing grants, subsidies to 
nationalised industries, social security, regional 
location grants etc. but they can be dis- 
tinguished from the other categories by virtue 
of the fact that the government is not directly 
supplying goods or services. Public sector 
expenditure of this kind is only indirectly 
related to resource utilisation [4]. The deci- 
sion-making framework used for expenditures 
in this category differs from situation to situ- 
ation but, because the incidence of costs and 
benefits tends to be important, political con- 
siderations often dominate any economic 
analysis. 


THE QUASI-COMMERCIAL 
SECTOR 


The standard method of decision making 
applied to those public sector undertakings 
where demand is thought the relevant criteria 
upon which to allocate resources, is cost—bene- 
fit analysis (CBA).° The underlying model is 
closely allied to that of perfect competition in 
the traditional economic abstractions of the 
private firm. Rather than profit maximisation 
as the objective, however, the aim is to select 
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the course of action which maximises net bene- 
fits, in the very broadest sense, adjusting all 
costs and benefits to correspond to those that 
would prevail in a perfectly competitive mar- 
ket. The pure form of CBA was summed up 
over a decade ago in a well known definition 
found in the classic article by Prest and Turvey 
[50, p. 683]; “CBA is a practical way of assess- 
ing the desirability of projects, where it is im- 
portant to take a long view (in the sense of 
looking at repercussions in the further as well 
as the nearer future) and a wide view (in the 
sense of allowing for side effects of many kinds 
on many persons, industries, regions, etc.}—.e. 
it implies the enumeration and evaluation of 
all the relevant costs and benefits”. The unique 
procedure for policy appraisal implied by Prest 
and Turvey has gradually widened out, and 
CBA has now become rather more of a generic 
title for a collection of related techniques 
rather than the name of one specific set of cal- 
culations. In its original form, CBA  super- 
ficially resembles the discounting procedures 
employed by large private companies and in- 
volves estimating the net present value of a 
project or plan by finding: 
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where: 

P(a;B,;) = the probable benefit expressed 
in monetary terms to be 
gained by individual (or 
groups of individuals) i in year 
n as the result of the project’s 
completion. The benefit B,,, is 
given a weight of a; to reflect 
the importance attached to i’s 
welfare; 

= the probable cost in monetary 
terms to individual i in year 
n associated with the project. 
C,; 1S given a weighting of 
b; to reflect the importance 
attached to the costs borne 
by i. 
the relative weight attached to 
a cost or benefit occurring in 
year n. The form of the weight 
reflects the decreasing impor- 
tance attached to the more 
distant attributes of the pro- 
ject. 
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If the net present value is positive then the plan 
is accepted. When there are several options, 
but mutual exclusiveness limits acceptance to 
one, then selection is based upon the highest 
incremental net present value (with different 
sizes of alternative investments, the larger 
is accepted if the additional discounted 
benefits generated exceed the additional 
discounted costs). In the case of options of the 
same scale the comparison of benefit-cost 
ratios may be preferred on the gounds of 
simplicity. 

In the late 1960s, this comprehensive, all 
embracing CBA framework was accepted by 
many as the panacea to all the problems of 
decision-making in the public sector. It was 
taken up with particular enthusiasm by the 
transport sector where it was seen to have 
potential, not simply as a method of large scale 
investment appraisal (as typified by the studies 
of the M! Motorway [6], the Victoria Line 
Underground Railway [16], the Channel Tun- 
nel [7], London’s system of ringway urban 
motorways [18] and the siting of a Third 
London Airport [8]), but also as a standard 
method of routine decision-making (e.g. to 
assess railway social service subsidies [40] and 
inter-urban road investments [12]). The 1968 
Town and County Planning Act, with its 
emphasis on ‘strategic’ rather than physical 
planning, also encourages the adoption of CBA 
for local level land-use planning decision-mak- 
ing. In 1967 the concept of a test discount rate 
(at that time, 8%) was introduced to encourage 
consistency in the temporal weighting of costs 
and benefits in different areas of public sector 
involvement and “to ensure that the calls of 
the public and private sectors upon resources 
do not get out of line with each other over 
the long term” [24, p. 7]. 

The initial enthusiasm for CBA has, how- 
ever, waned in recent years and the all embrac- 
ing ‘textbook’ model set out above has been 
superseded in many areas by a variety of prag- 
matic adaptations. The reasons for this change 
of attitude are multifarious. At the most basic 
level there is general mistrust of any procedure 
which appears to offer a simple, numerical 
answer to difficult and delicate decisions which, 
by their nature, involve a variety of subjective 
considerations. There is a suspicion that CBA 
can be manipulated to provide justifications for 
specific lines of action corresponding to the 











view of the practitioner [51].° It has become 
apparent that there is no single, ‘proper’ way 
to perform a CBA but rather a number of 
alternative approaches, each corresponding to 
a particular set of moral notions [43]. These 
were problems explicitly recognised by early 
theoreticians in the field but their suggested 
qualifications and reservations were not always 
carried into practice. The need for decision- 
makers using a CBA framework to make their 
assumptions explicit is now widely accepted 
and the quasi-mechanical procedure implied by 
the equation set down above is now treated 
as a Starting point of a much wider evaluation 
of different courses of action. 

More specific problems with the pure CBA 
model stem from putting the underlying wel- 
fare economic theory into practice. There are 
often considerable difficulties in physically 
tracing out and measuring all of the conse- 
quences of a project and, even when measure- 
ment is feasible, it is frequently almost imposs- 
ible to place anything more sophisticated than 
arbitrary monetary values on such effects.’ In 
fields where research work on evaluation has 
been long standing (e.g. the valuation of time, 
life and noise), the techniques developed rely 





©The basic underlying problem with CBA is well 
summed up by Wildavsky [57, p. 297], “Although cost- 
benefit analysis presumably results in efficiency by adding 
the most to national income, it is shot through with politi- 
cal and social value choices and surrounded by uncertain- 
ties and difficulties of computation”. 


7 An up-to-date collection of some papers setting down 
different approaches to the evaluation of intangible and 
externalities is found in [48]. 


8 In practice, priorities and dictates do enter into the 
estimation procedure. An example is time evaluation; the 
transport ministry has, in the past, used an average value 
of time savings for all travellers whereas there is ample 
evidence that time valuation is positively correlated with 
the income group under consideration. The justification 
for the practice was to prevent undue bias being given 
to schemes likely to be utilized by high income groups. 


° Early CBA studies excluded such weights, being simply 
interested in aggregate costs and benefits. They were 
founded on the so-called Kaldor ‘compensation principle 
[30]. This essentially says that if the strict Pareto criteria 
cannot be met (i.e. it is impossible to benefit one person 
without making another worse off) then a weaker practical 
test is to see whether it would be possible for the losers 
to compensate the gainers. No actual compensation need 
take place, however; compensation just has to be potential. 
The work of Little [39] in the 1950s has slowly permeated 
CBA practice and with it questions of equality have sup- 
plemented those of efficiency. Little advocates the need to 
both meet a Kaldor type test and provide evidence that 
the project improves income distribution. 
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upon estimating the hypothetical market prices 
for intangles which would prevail if they were 
traded in competitive conditions. Evaluations 
depend, therefore, on the willingness of the 
affected parties to pay and government dictates 
and priorities are considered inappropriate.® 
The partial nature of CBA makes this 
approach particularly unsuitable for appraising 
large scale schemes or projects where wide 
ranging multiplier repercussions on_ the 
economy as a whole can affect the constellation 
of relative prices and production which form 
the basis against which intangibles are evalu- 
ated. 

The weighting schemes required in CBA pro- 
cedures are particularly difficult to devise. The 
distributional weights reflecting the impact of 
a decision on different sectors of the com- 
munity pose specific problems of inter-personal 
comparisons which must, by their nature, be 
subjective.’ In addition, although the test dis- 
count rate (and, more recently the recom- 
mended rate of return [26]) represents an 
attempt at introducing standard temporal 
weights across areas of public sector activity, 
the rates used are somewhat arbitrary and only 
partially reflect the social opportunity cost of 
resources. The actual estimation of the time 
stream of costs and benefits is itself difficult 
and the introduction of sensitivity and other, 
usually cruder, techniques to reflect the sto- 
chastic nature of the forecasts introduces 
further elements of subjectivity. 

This lengthy list of criticisms levelled against 
the pure CBA approach, and the obvious de- 
fects of the technique as a practical tool for 
assisting in public sector decision-making in all 
but special cases, has led to a number of vari- 
ants of the basic model being developed. The 
nature of these modifications depend, in the 
main, on the relative importance attached to 
the various constraints confronting the deci- 
sion-makers in the individual sectors, and upon 
the types of goals envisaged as appropriate for 
the kind of activity being considered. In trans- 
port, for example, the problem of placing ac- 
ceptable values on all intangible costs of road 
investments has resulted in the employment of 
a two stage procedure. COBA, a computerised 
package, evaluates those effects which are com- 
paratively easy to quantify and forecast, and 
where evaluation methods are relatively well 
advanced (i.e. changes in vehicle operating 
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costs, journal travel times and accident rates). 
Such results, appropriately discounted, are 
then subjected to discussion at public enquiry. 
It is here that wider social, environmental and 
distributional questions can be raised. The dif- 
ficulty of comparability between the quasi- 
scientific evidence offered by COBA and the 
unquantified, verbal account of the wider social 
issues of a road investment, however, causes 
serious disquiet [13]. A similar problem arises 
when it is impossible to assess the longer term 
effects of a course of action, again comprehen- 
siveness must be sacrificed. In the case of the 
London urban motorway proposals, for 
example, the sheer complexity of tracing out 
the temporal pattern of interacting transport 
demands over a complicated road system 
resulted in the calculation of only a first year 
rate of return. 

In other areas, the problems of evaluating 
intangible costs or forecasting the long term 
implications of a project are not the main 
causes for concern. Rather there are difficulties 
in assessing the monetary value of benefits; a 
situation not unusual in public sector under- 
takings whose actions have wide ranging im- 
pacts throughout the economy. Under such cir- 
cumstances it is often common to view the 
decision-making process in terms of cost-effec- 
tiveness.'° Klarman et al. [31, p.49] provide 
a useful definition, “Cost-effectiveness, rather 
than cost-benefit, is employed when various 
benefits are difficult to measure or when the 
several benefits that are measured cannot be 
rendered commensurate. Under cost-effective- 
ness analysis costs are calculated and com- 
pared for alternative ways. of achieving a 
specific set of results”. In such cases it must 
be possible to set goals in physical terms so 
that the exercise becomes one of selecting that 
course of action offering the lowest oppor- 
tunity cost method of meeting these goals. 
Hence projects are assessed in terms of cost 
per unit of output. 





'° There is some problem with terminology here but 
cost-effectiveness may be likened to cost-minimisation in the 
private sector where some predetermined output level has 
been decided upon independently. Trade-off analysis in- 
volves more abstract goals than cost-effectiveness (e.g. in 
the case of transport it may be time savings or reduced 
accidents while cost-effectiveness concentrates upon physi- 
cal goals such as four lane motorway mileage) and is a 
more refined, though not necessarily practical, variant of 
it. 
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The Central Electricity Generating Board 
(CEGB) uses a cost-effectiveness approach 
when deciding upon investment policies with 
regard to new generating capacity. The future 
demand for electricity is determined and the 
plant accepted which offers the greatest dis- 
counted cost saving over the expense of mak- 
ing more use of the oldest existing capacity. 
Where a single goal of this kind can be speci- 
fied the technique has practical qualities, but 
in most cases there are secondary goals (e.g. 
in the case of CEGB safety is clearly impor- 
tant) which cannot easily be ignored. In these 
cases there are serious trade-off problems in 
selecting priorities amongst the goals. Further, 
the ideal cost-effectiveness study employs 
measures of opportunity cost which often 
present difficulties as severe as those encoun- 
tered when trying to quantify and evaluate 
benefits. For these reasons cost-effectiveness 
analysis is most helpful in deciding upon the 
most efficient way of implementing a prior 
made decision. In the case of the CEGB, for 
instance, it is stated policy to have sufficient 
capacity to meet demand. With the location 
of a Third London Airport (which was strictly 
a cost-effectiveness study) [8] it had already 
been decided a new airport was required and 
only the question of the siting was at issue. 


THE SOCIAL SECTOR 


The ‘merit’ nature of services provided by 
health, defence and education authorities, com- 
bined with the distributional and public goods 
(i.e. goods where the exclusion principle cannot 
apply) problems associated with these sectors, 
precludes the practical application of CBA 
techniques. In particular, the idea of evaluating 
intangibles in terms of ability to pay is felt to 
be especially inappropriate. In their place out- 
put budgeting is employed with goal orientated 
accounts as the primary basis for analysis. The 
technique was initially adopted by the Ministry 
of Defence for the Defence Policy Reviews in 
1964 as ‘functional costing’ and soon taken up 
by the Department of Education and Science 
[11] and the Home Office, concerning police 
in particular [55], with the Department of 
Health and Social Security [29] following in 
1971. The technique essentially concerns allo- 
cating resources within'a sector in such a way 
that further changes in this allocation would 
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only reduce society’s wellbeing. The allocation 
is, therefore, within the sector a Pareto optimal 
one. It has been pointed out [4] that this 
necessarily assumes both that the sector in 
question is fairly clearly delineated, with 
resource consumption well represented by pub- 
lic outlays in the sector, and that output cate- 
gories may be clearly and discretely defined 
without problems of cost allocation. While the 
first condition is quite well satisfied by most 
of the government sectors employing the tech- 
nique, Output categorisation does post prob- 
lems with respect to the second criteria. 

Some sectors suffer from the problem of 
relating outputs to goals; outputs often overlap 
several goals and vice versa. In defence, for in- 
stance, the programme budget is presented in 
terms of output expenditures, rather than com- 
mitments or goals, because of, firstly, the multi- 
purpose nature of the forces retained and, 
secondly, the complex relationship between 
general support and front-line activities. Edu- 
cation is an area where it is easier to relate 
outlays to specific groups (i.e. nursery educa- 
tion, higher education, education for the 16-19 
year olds, postgraduate education etc.), but 
again it is impossible to relate these outlays 
to the underlying goals of education (e.g. social 
cohesion, higher labour productivity etc.). The 
degree of interdependence between different 
outputs and different goals, the problem of 
separating means from ends, makes it imposs- 
ible in practice to allocate costs in the required 
fashion. 

While the programme budget approach per- 
mits an assessment of the relative costs of 
switching resources between different activities 
and outputs, specific issues arising within 
defence, education and the like are often sub- 
jected to more detailed ‘special studies’. Special 
studies form an important part of the pro- 
gramme budgeting approach of these sectors 
and usually involve the application of either 
CBA or cost-effectiveness procedures. The 
complexity of attempting to utilise these tech- 





'! The railways encounter particular difficulties in mak- 
ing investment decisions. Part of British Rail’s operations 
(e.g. inter-city and freight services) are committed to 
straightforward commercial criteria while other services 
are deemed socially necessary and are assessed using CBA 
type techniques. Allocation of resources between these two 
types of activities poses serious problems because of the 
incompatability, except in highly stylised circumstances, of 
the different types of return calculated [20]. 
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niques in the educational, defence and health 
fields increases the resource costs of decision 
making substantially and, in general, this type 
of treatment is either reserved for topics where 
difficulties of quantification are less severe or 
where the need to make the appropriate deci- 
sion is central to the overall success of the 
department’s policy. In the case of health, for 
example, cost-effectiveness techniques have 
been applied to assessing the desirability of 
alternative treatment mixes offering identical 
results [31,49], similarly there have been CBA 
studies of educational projects [59]. Basically, 
these special studies are employed in order to 
select from a set of alternative actions each 
leading to a previously specified goal. 


MULTI-CRITERIA APPROACHES 


The multifacet nature of the social welfare 
function which public sector undertakings are 
concerned with maximising, together with the 
constraints confronting management in these 
sectors, underlie the problems of decision-mak- 
ing. With those sectors taking demand as the 
parameter for benefit measurement, CBA tech- 
niques provide only a partial solution to the 
problem, while the socially orientated sectors 
have difficulties in weighting their numerous 
goals. In the face of these difficulties the need 
for new approaches to decision-making is 
becoming widely accepted. The chairman of 
British Rail points, for example, to the need 
for an approach which “can be understood by 
ordinary intelligent people... incorporates the 
methods of analysis developed by welfare 
economists over the last decade or so,... gets 
away from the naive position adopted by the 
early cost-benefit man which seemed to imply 
that every consideration could be perfectly 
weighted and that therefore there was a single 
best solution” [47].'’ The Leitch Report on 
trunk road investment takes a similar stance, 
“the right approach is through a comprehen- 
sive framework which embraces all the factors 
and groups of people involved in scheme 
assessment” [13, p. 133]. There is also some 
discussion over the need for such changes at 
the local authority decision-making level [22]. 

Multi-criteria decision making techniques 
move away from the idea of maximising and 
are more akin to the management theories of 
satisficing [52]. Rather than attempt to seek 
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optimum solutions, which, for practical 
reasons, are likely to be unobtainable, the deci- 
sion-maker selects actions complying with a 
range of criteria which describe minimally 
satisfactory alternatives. In the case of 
education, for example, one seeks options 
which provide certain set levels of literacy, 
numeracy etc. rather than alternatives which 
maximise some goals, say literacy, at the expense 
of others. 

Decision-making models based upon this 
type of framework are still in their infancy, cer- 
tainly as far as practical applications are con- 
cerned. Land-use planning and regional policy 
analysis are exceptions to this situation and a 
variety of multi-criteria techniques have been 
developed and tested in these areas [46]. It 
seems probable that some of these methods 
may have potential for wider application in 
other areas of public sector involvement. 

The planning balance sheet (PBS), initially 
developed by Lichfield for town planning pur- 
poses'?, is similar to CBA in that all costs and 
benefits are included and that distributional 
considerations are not neglected, but it is a 
movement in the direction of multi-criteria 
analysis in that not all the effects of the various 
schemes are translated into monetary terms. 
Where evaluation is difficult, physical values 
are used, and when quantification is imposs- 
ible, ordinal indices or scales may be employed. 
A socio-economic account is drawn up setting 
out the full effects of each course of action indi- 
cating the extent to which various groups in 
the community will be affected. These are then 
compared to the predetermined planning goals 
which are ‘selected as reflective of community 
needs. Alternative plans are ranked under each 
objective heading using ordinal ranking pro- 
cedures and the ranks are then added together 
to produce a ranking of the plans with respect 
to the objectives taken as a whole—the scheme 
with the lowest algebraic total being deemed 
the best. A modified version of this type of 
approach, the project impact matrix, has 
recently gained the favour of the Leitch Com- 
mittee [13]. 





'2 The PBS approach is essentially pragmatic in nature 
and, rather than evolving from a theoretical base, is an 
applied offshoot of CBA, developed and polished over a 
series of applications [34, 35, 36, 37, 38]. 


'S A criticism of the approach and, in particular, the 
implied cardinal ranking is contained in [33]. 
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The PBS attempt to extend CBA into a 
multi-dimension framework, however, requires 
substantial data inputs and only offers a partial 
solution to the problem of making inter-per- 
sonal comparisons.'* The ranking-process has 
to reflect social preferences which are them- 
selves difficult to ascertain and, even if a con- 
sensus is possible, the ordinal nature of the 
ranking suggests a loss of efficiency in the tech- 
nique. Although value judgements cannot be 
avoided, the PBS approach has the merit that, 
unlike the pure CBA model, these are made 
explicit rather than hidden in a final single 
NPV figure. The construction of the initial 
socio-economic account can often, in itself, be 
educational and shed considerable light on 
salient questions the decision-maker should be 
asking. 

The PBS method falls between CBA and 
multi-criteria decision-making methods, con- 
taining elements of both the maximisation 
principles underlying CBA but without the 
emphasis on monetary evaluation of all the 
projects’ effects. Multi-criteria decision-making 
techniques generally involve introducing 
weights to reflect the relative priorities 
attached to the various outcomes associated 
with different causes of action. Although these 
weights may be ordinal in nature, they are 
more often cardinal being based upon available 
empirical evidence. A number of multi-criteria 
approaches have been devised each attempting 
to achieve a multi-dimensional compromise 
between the wide diversity of goals and costs 
which are embodied in public sector choice. 
The approaches differ in their method of pres- 
entation, the level of mathematical sophistica- 
tion involved and the amount of data input 
required. Several of the techniques rely upon 
geometrical representation to produce multi- 
dimensional scalings [5] while others involve 
a considerable degree of intuition. In general, 
however, these particular techniques tend to be 
rather specialised in nature and are only of 
practical use in certain specific and unusual cir- 
cumstances. Of more practical value are some 
of the weighting techniques which already 
enjoy a degree of practical acceptance and for 
which the theory is comparatively well 
advanced. 

The introduction of weightings permit the 
effects of a projected action to be reduced to 
a single, summary figure offering the possibility 
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of direct comparisons with other options. Vari- 
ations on this theme abound.'* The goal- 
achievements matrix approach [27], for 
example, offers an explicit treatment of various 
goals and applies a set of predetermined 
weights to them so that each option can be 
assessed in terms of goal achievement. To faci- 
litate this, the goals are related to physical 
measures to reflect the extent to which they 
have been achieved. The final goal achievement 
account employs the weighted index of goal 
achievement to determine the preferred course 
of action. Another variant, concordance analy- 
sis [45], offers pair-wise comparisons of alter- 
natives by estimating two indices; the first, the 
concordance index, reflecting the weighted 
degree by which one project dominates the 
other in terms of the goals met and the second, 
the disconcordance index, showing _ the 
weighted degree to which it is itself dominated. 

To date, much of the work in the field of 
multi-criteria decision-making has focussed on 
devising mathematically consistent methods of 
handling weights and basic data. The major 
practical problem, however, is in devising the 
weighting scheme to be adopted; CBA may be 
seen as a special case of the multi-criteria 
approach in this context, with monetary values 
being employed as weights. Despite the practi- 
cal difficulties of evaluating intangibles and the 
problems of equality, the CBA method is poss- 
ibly more readily accepted than some of the 
alternative schemes suggested for multi-criteria 
procedures. The idea of adopting the implicit 
weighting scheme of past decisions [56], for 
instance, has the desirable merit of assisting in 
the continuity of decision-making but, even if 
a practical method of excavating such weights 
from the past was devised, the implicit assump- 
tion that the motivations behind past decisions 
were correct and socially desirable is open to 
question. Further, past decisions were based 
upon social proprieties and morals of the 
period in which they were made and these are 
unlikely to have held constant. Indeed, since 
public sector decisions have very long term im- 
plications, past actions are even less likely to 
reflect the priorities of future generations. 





'4 See Nijkamp [46] for a wide ranging survey of the 
various multicriteria techniques which have been devel- 
oped although few have to date been employed in actual 
decision-making exercises. 
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Suggestions that the weights could be derived 
from political debate, say in the House of 
Commons, begs the question of quantification 
and assumes full information on the part of 
speakers. A further proposal that hypothetical 
questioning of individuals about imaginary 
decisions will reveal preferences [28] has an 
academic appeal, but the problem of ensuring 
unbiased responses, and the doubtful general 
applicability of the answers obtained, suggests 
severe practical limitations. 


CONCLUSIONS 


The very nature of the goods and services 
provided by the public sector renders the profit 
maximising models widely employed to de- 
scribe private sector decision-making inappli- 
cable. This is not to say that in certain areas 
of public sector activity there is not an objec- 
tive function similar to that generally associ- 
ated with the private sector but rather that the 
perception of the public sector is much wider. 
The models underlying CBA and cost-effective- 
ness analysis have their counterparts in the 
standard economic theories of profit maximis- 
ing and cost minimising but the costs and the 
benefits considered are much more defuse and 
the view taken, much longer. Recent develop- 
ments at the theoretical level, together with the 
views of some management and advisory 
bodies, suggest that there are movements in the 
public sector to shift away from the traditional 
maximising/minimising approaches to deci- 
sion-making and towards the acceptance of a 
set of much weaker, but more pragmatic, 
approaches. In particular, the interest shown 
by British Rail, local authorities and road in- 
vestment agencies in multi-criteria assessment 
techniques indicates that notions of satisficing 
are replacing those of maximising. It seems 
very doubtful, however, whether with our cur- 
rent state of knowledge, multi-criteria assess- 
ment can, in the short term, do more than 
make some of the assumptions underlying 
existing methods more transparent. The 
emphasis on specifying the exact objectives 
being pursued and the setting out of the reper- 
cussions of decisions may, however, in the 
longer term induce a greater public involve- 
ment in public sector decision-making and. 
with this, the necessary information of society's 
preference function may be revealed. Certainly, 
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the complexity of many existing public sector 
decision-making aids tends to discourage social 
involvement. 
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This paper surveys some of the main criticisms of cost-benefit analysis (CBA) that have emerged 
over the years. It is noted in passing that views on what type of technique CBA really is, or should 
be, have differed and continue to differ depending on the set of value judgements used. We emphasise 
that the more recent suggested extensions to or modifications of CBA have sought to make the 
technique more comprehensive (i.e. to include distributional, environmental quality and other objec- 
tives as well as economic efficiency) at the inevitable cost of a loss of precision. The underlying 
principles of CBA are examined and the problems of multiple objective planning highlighted. Valua- 
tion problems are analysed, in particular with regard to amenity and environmental effects. Finally, 
the issues of uncertainty, irreversibility and intergenerational equity are raised briefly to indicate the 
complexity of the decision-making task when large-scale technologically advanced projects have to 
be appraised. In conclusion it is argued that CBA presented in a disaggregated format, as a 
comprehensive method for the ordering of information and a testing procedure for a range of 
valuations can perform a useful role in the decision-making process. The term ‘policy analysis’ is 
probably a better one for this broader view of the use of CBA. Ultimately we seem to be searching 
for a synthesis of the participatory and the traditional (technocratic) style of decision-making though 
we have a long and difficult course to chart before we even approach such a goal. 


INTRODUCTION for resource allocation in which all the relevant 
costs and benefits of a public investment deci- 
sion or course of action are analysed. In prac- 
tice the technique has been used to enumerate 
and evaluate a wide range of projects such as 
river management schemes, motorway and air- 


THE MAIN purpose of this paper will be to 
survey some of the theoretical and practical 
criticisms that have been made of formal cost 
benefit analysis (CBA); and also to try and in- 


dicate the different views concerning the most 
‘useful’ role (in terms of goal fulfilment) that 
the formal technique and its extensions are 
capable of performing in the decision-making 
process. We shall first outline the main limi- 
tations of the formal technique and indicate 
other possible more comprehensive but less 
precise alternative or complementary tech- 
niques such as policy analysis and environmen- 
tal impact analysis (EIA) in order to draw 
some conclusions about the role that CBA 
could most usefully fulfil. 

CBA can be defined as a formal procedure 
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port construction, health and education ser- 
vices and many others. The actual extent of 
government intervention and investment in the 
economy has, of course, varied from country 
to country and the precise nature of the CBA 
used has also varied both between government 
departments and institutions in the same 
country as well as internationally. Formal CBA 
seeks in principle to establish rules by which 
the decision-maker can identify .efficient pro- 
jects (i.e. those leading to a net increase in 
national income). A project yielding positive 
discounted net benefits in present value terms 
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passes the test [32]. The concentration of for- 
mal CBA on the efficiency objective has meant 
giving only secondary attention to other poss- 
ible and no less legitimate objectives such as 
distributional equity, environmental quality or 
national security. Formal CBA attempts to 
mimic the decisions that a perfectly competi- 
tive (Pareto efficient) market mechanism would 
have arrived at and apply them in the public 
sector. 

Despite an earlier heritage the widespread 
application of CBA is usually dated from the 
implementation of the US water project plan- 
ning programmes in the 1930’s. Dorfman [9] 
points out that over the years, with increasing 
government involvement in the economy, CBA 
has been applied to an ever wider spectrum 
of projects. In its early applications the tech- 
nique was used to evaluate projects which basi- 
cally produced intermediate outputs—the clas- 
sic examples being irrigation projects designed 
to stimulate farm productivity. The essential 
point to note is that such projects yielded 
outputs which were generally amenable to 
evaluation via market prices. As the project 
spectrum has widened to cover the fields of 
education, transport, health, recreation and 
other environmental services provision, how- 
ever, CBA has increasingly appeared to many 
critics to be less useful than at first thought. 
For some critics the technique’s early promise 
has flattered only to deceive in the face of pro- 
jects, for example, producing outputs of an in- 
tangible or regionally localised nature. Difficult 
problems of evaluation in the absence of ade- 
quate market prices (shadow pricing) and of 
distributional equity have been recognised and 
have served to increase the growing doubts 
voiced by some commentators concerning the 
precise value of CBA as a decision-making 
tool [1, 46,12]. Herfindahl and Kneese [19] 
note that governments have increasingly 
sought evaluation of projects involving small 
initial investments but requiring operation, 
maintenance and replacement cost streams 
stretching out into the distant future; while 
other projects have required ‘implicit’ rather 
than direct investment. Thus the preservation 
of the UK’s Vale of Belvoir or a North Ameri- 
can ‘wilderness area’ in their ‘natural’ states in- 
volves the loss of the explicit benefit streams 
that would be produced by mining or forestry 
operations. On the other hand such projects 


if given the go ahead would in many cases in- 
volve irreversible effects and the possible con- 
sequent foreclosing of options, not to mention 
the thorny problems of intergenerational 
equity and decision-making with uncertain 
costs and benefits [37, 23]. 

Over time the projects that CBA could have 
been confronted with have been increasing 
both in size and complexity. Rational decisions 
have been required, for example, with regard 
to nuclear power generation programmes and 
waste recycling plants; large resource extrac- 
tion programmes such as the proposed Vale 
of Belvoir and Selby Coalfield developments 
(the former involving ‘dirty’ seam mining and 
consequent spoil disposal problems); North 
Sea oil developments and flood protection 
schemes such as the Thames Barrage and the 
proposed Yare barrier in Norfolk. Inevitably 
such schemes produce complex environmental 
and distributional effects (both intragenera- 
tional and intergenerational); and a number 
stimulate difficult ‘social disruption’ effects 
because of their rural location and consequent 
disruption to small often fragile local econo- 
mies and communities [28,5]. A growing gen- 
eral awareness of the need for some measure 
of environmental protection and consideration 
of environmental values has led to the con- 
struction of so-called EIAs at some stage in 
the planning process for a number of projects 
in the USA and a call for similar, though not 
identical, analyses to be implemented in the 
UK [7, 8, 52]. 

We indicated earlier that formal CBA oper- 
ates on the basis of an economic efficiency cri- 
terion with the objective of maximising 
national income to the neglect, in practice, 
some critics say, of other possible but less 
quantifiable objectives by which public invest- 
ment projects could be judged. Freeman [14] 
notes that a single government expenditure 
objective, the improvement of human welfare, 
would probably be dominant in an open and 
rational democratic society. However, since we 
have no direct measure of welfare this ultimate 
goal can give little practical guidance to deci- 
sion-makers. Steiner [48] argues that given 
multiple planning objectives individual projects 
are bound to affect more than one dimension 
and the objectives themselves will often con- 
flict. The central problems of multiple objective 
planning become how to define an appropriate 
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measure for each objective and how to resolve 
the problem of conflicting objectives. It is to 
these problems that we now turn our attention. 


THE UNDERLYING PRINCIPLES 
OF CBA 


The terms benefits and costs can only be 
defined precisely with reference to a particular 
decision criteria and underlying objective. 
Nash et al. [35] argue further that any decision 
criterion must reflect some set of value judge- 
ments which determine what effects should be 
regarded as benefits and costs; so that there 
can be no uniquely ‘proper’ way to do CBA. 
The welfare economics sub-discipline has 
offered some criteria which have tempted some 
people to possibly regard them as the ‘correct’ 
basis for decision-taking [18]. The Pareto effi- 
ciency criterion, for instance, lays down that 
any project or course of action which makes 
some individuals in society better off without 
making anyore worse off should be under- 
taken. This criterion suffers two severe disad- 
vantages. It is highly restrictive because real 
projects and courses of action nearly always 
involve losses to some individuals and benefits 
to others and thus do not fit the Pareto rule. 
In the second place the criterion is extremely 
conservative in matters of income distribution, 
essentially preserving the prevailing distribu- 
tion in society by means of an implicit equity 
weighting which favours the status quo. 

Two more general criteria, the Hicks—Kaldor 
compensation criterion (termed a ‘potential 
Pareto improvement’ criterion by Mishan [32]}) 
and Little’s distribution criterion [25] were de- 
veloped in order to try and overcome the dis- 
advantages of the Pareto rule. The compensa- 
tion principle lays down that any project which 
yields sufficient benefits to some individuals 
(measured by willingness to pay) such that 
these gainers could compensate the losers and 
still remain better off themselves is desirable. 
Mishan [32] has argued that cost-benefit ana- 
lysts should confine themselves to procedures 
that do in fact produce a potential Pareto im- 
provement in welfare. Both the criteria out- 
lined so far entail the acceptance of the value 
judgements that individual preferences should 
count and that these preferences are weighted 
by market power. Hypothetical compensation 
could well involve inequitable redistributions 


of income in society. Little [25] reformulated 
the basic compensation principle suggesting 
that a project be accepted if the sum of its 
discounted net benefits is positive and if it does 
not cause a deterioration in the prevailing dis- 
tribution of income. This statement, however, 
only serves to highlight the practical opera- 
tional problems of how a distributional weight- 
ing system for costs and benefits is to be con- 
structed and trade-off ratios between efficiency 
and equity established. 

Some analysts seem to argue that the 
economists role should be to advise govern- 
ment on efficiency matters alone and to let the 
government decide, through direct instruments, 
the question of distributional equity [34}. 
Steiner [48] is doubtful, however, about com- 
plete reliance on direct methods to correct for 
overall maldistributions of income. He argues 
that social change is such that this would in 
practice overweight the current distribution of 
income and would constrain any redistribu- 
tion. A number of approaches seeking to inte- 
grate efficiency and equity effects can be identi- 
fied in the economics literature. One such 
approach involves the application of weights 
to different arguments in the objective function 
in order to derive a single-valued measure of 
benefits. Within this general approach there are 
two viewpoints concerning the weighting pro- 
cedure. One view seeks to establish weights 
prior to the taking of any decisions either. by 
direct consultation with decision-makers or by 
detailed analysis of previous government 
decisions on resource allocation and taxa- 
tion [11, 50, 16, 29]. Other researchers take the 
view that weights can only be established by 
an iterative political decision-making process 
working on a case by case basis [26, 30]. 
Reliance is therefore placed on the choices 
actually made by policymakers. Discovering 
what any government’s preferences really are 
is a formidable task and none of the suggested 
weighting systems are without limitations. 
Nash et al.[35] conclude that advocates of 
what they term this ‘Management Science’ 
approach will need to use sensitivity analysis. 
A series of welfare-weighted calculations using 
alternative weighting fictions should be pre- 
sented to the policymaker. 

An alternative approach to the problem of 
objective integration rejects the notion of a 
single-valued measure of benefits because of 
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the severe difficulties of ensuring that a range 
of public policy objectives can be made com- 
mensurable. Steiner[48] believes that the 
single number measure of benefits approach in 
practice submerges real issues behind a facade 
of faulty measurements. Williams [51] also sees 
little scope for systematic incorporation of 
redistributive effects in CBA but stresses the 
need for incidence effects to be included as sep- 
arate exhibits in the analysis presentation. 
Lichfield [24] too stresses the importance of 
presenting CBA in a disaggregated fashion. 
The final judgement on conflicting objectives 
is left to the policymaker and no attempt is 
made to articulate how this judgement should 
be made. Other economists [19] appear to sup- 
port much of Steiner’s argument but see the 
calculation of distributional effects as essen- 
tially supplementary to the dominant efficiency 
calculations. 


VALUATION PROBLEMS 


We noted earlier that CBA has been applied 
to an ever wider range of projects and that 
both the scale and complexity of many of these 
projects has increased dramatically. Complex 
problems have therefore been set for the ana- 
lyst attempting to attach money prices to costs 
and benefits in order to reflect society’s valua- 
tions of the goods and resources involved. 
Despite the optimism of some economists the 
practical difficulties presented by, in particular, 
environmental costs and benefits are immense 
and the current state of the art cannot be said 
to represent anything like an adequate solution 
to the social cost benefit valuation problem 
[39,27]. McKean [3i] is not optimistic that 
shadow prices will ever be accurately con- 
structed for a range of intangible effects and 
stresses the high informational costs involved 
in even a small increase in accuracy. Williams 
[51] shares this fairly pessimistic view but is 
prepared to accept that there is a role in CBA 
for the ‘postulated’ price. He defends its use 
on the grounds that it at least provides a focus 
for discussion by others who might disagree 
with the policymaker’s judgement. 

A number of ingenious valuation techniques 
have been developed in order to produce proxy 
or surrogate values for the unknown true 
shadow prices. These proxy values, however, 
can at best be regarded only as lower limits 


to the ‘true’ values of various environmental 
costs and benefits. The techniques themselves 
include survey or questionnaire methods to 
gauge willingness to pay or compensation. 
There are two basic obstacles to the successful 
implementation of such methods: the problem 
of interviewee perception (individuals often 
find it difficult to perceive the personal implica- 
tions of hypothetical changes in environmental 
quality); and the problem of incentive and re- 
sponse distortion where individuals may not 
reveal their true preferences if, for instance, the 
question of taxation is involved. Other tech- 
niques operate on the principle that it may be 
possible to deduce surrogate monetary amenity 
losses or benefits from observation of con- 
sumer behaviour. Thus the Clawson—Knetsch 
method [21] attempts to estimate recreational 
benefits through observation of recreationists 
and the amount of money they are willing to 
spend on travel costs to a site. This method 
has been heavily criticised over the years in 
the literature [13]. Methods utilising the so- 
called ‘hedonic’ pricing approach assume that 
changes in and patterns of property and land 
values will reflect external amenity or dis- 
amenity again allowing a proxy measure of the 
shadow price to be derived. Studies using this 
approach have also been severly criticised [40]. 

Bradford and Feiveson [4] argue that the in- 
ability of analysts to construct monetary surro- 
gates for important intangible values has had 
little perceptible effect on the degree to which 
they will be regarded or disregarded by policy- 
makers. The authors are generalising on US 
experience and they do insert the caveat that 
often efforts were made to inform the policy- 
makers about the intangible effects by detailed 
presentations of physical data. Other factors 
which will also determine whether intangible 
factors get incorporated into the decision-mak- 
ing process will include the political impor- 
tance of the issues, the degree to which certain 
values have general rather than minority sup- 
port and the preferences and values of the 
policymakers themselves. Clearly it is difficult 
to generalise internationally but it is not difficult 
to think of UK cases where intangible effects 
have appeared to get very little consideration. 

We will now examine briefly one illustrative 
example, the proposed Yare barrier flood pro- 
tection scheme in Norfolk, without wishing to 
claim too much in the way of generality. The 
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official CBA report [43] had in its terms of 
reference “the need for the preservation of the 
existing character of Broadland and the conser- 
vation of the area’s unique ecological habitats”. 
Despite this the report devotes just a couple 
of pages to the possible ecological effects (judg- 
ing, them to be insignificant) and neglects com- 
pletely any amenity issues. If constructed, 
however, the barrier is expected to stimulate 
a tenfold increase in arable farming acreage. 
Indeed the project meets the criterion of posi- 
tive discounted net benefits largely due to the 
estimated agricultural benefits stimulated by an 
expansion in wheat cropping. This change in 
farming practice will mean the complete disap- 
pearance of portions of the characteristic 
Broadland valley grazing marsh landscape. 
Some of this area could reasonably be de- 
scribed as of critical landscape significance and 
includes marsh dykes which are still rich in 
flora. There will be keenly felt amenity and aes- 
thetic losses for some groups, though perhaps 
not for all groups (it is claimed that for some 
water recreationists it does not really matter 
whether they pass by marshland or arable 
fields) as well as ecological losses. The extent 
of such losses must nevertheless be qualified 
by the fact that agricultural practice has 
changed in the past and will continue to 
change in the future whether the barrier is built 
or not. Paradoxically though, the greater the 
rate of this ‘ongoing’ change the more difficult 
it will be to gauge the estimated agricultural 
benefits supposedly dependent on barrier con- 
struction. Both the sample size and question- 
naire methods used in the CBA to determine 
rates of arablisation with and without the bar- 
rier are open to criticism [47]. 

Andrews and Waits[2] take the viewpoint 
that the whole debate over whether or not en- 
vironmental values can or should be quantified 
is not a meaningful one. They argue all such 
values can be quantified either ordinally or nu- 
merically or monetarily. The important ques- 
tion for them is what indicators provide appro- 
priate representations of environmental values, 
and how precise they are. They call for a 
further comprehensive research effort to 
answer this question. Brooks [6] believes that 
it is possible to formulate fairly precisely, if not 
quantitatively, some implicit criteria for the 
valuation of nature. He lists the concepts of 
uniqueness, reversibility or resilence, aesthetic 


beauty, human life support capacity and 
‘naturalness’. Brooks agrees that there is no in- 
dependent, rational basis for assigning a price 
to such criteria in a CBA, but argues that cri- 
teria definition is an important first step that 
aids analysis by permitting testing of the im- 
pact of various assigned prices. 


CONSERVATION, IRREVERSIBILITY 
AND INTERGENERATIONAL 
EQUITY 


The problems of quantifying intangible 
effects can lead one to the question of what 
role the human species ought to play in the 
natural order of things. Leaving on one side 
the possible ethical-religious criticisms of man- 
centered CBA a more moderate ‘Environmen- 
talist’ position would be that society should 
utilise CBA as a decision making tool subject 
to the constraint “that a broad range of animal 
and plant life exists in a substantial geographic 
range under conditions these life forms find 
congenial” (ecological diversity) [1]. Given 
limited funds a trade-off must somehow be 
struck between preservation and the satisfac- 
tion of more pressing human wants. It would 
seem reasonable to first try and protect all of 
the most ‘valuable’ of the landscapes and eco- 
logically important or fragile areas, assuming 
that such areas can be identified using perhaps 
the Brooks’ criteria. Krutilla and Fisher [22] 
remind us that the natural biota represent our 
reservoir of genetic information, which has 
economic value. Advances in agriculture in 
terms of improved crop varieties can depend 
on genetic information found in the diversified 
natural biota. The same biota has in the past 
also provided the basis for a wide range of 
medicinal drugs and only a small portion of 
the potential medicinal value of biological 
specimens has yet been tapped. 

In circumstances where environmental 
effects are uncertain and irreversible, as is the 
case for many of the larger projects, the quanti- 
fication and valuation problems become 
exceedingly complex. Following Hirschleifer 
and Shapiro [20] the terms ‘risk’ and ‘uncer- 
tainty’ express a situation in which analysis 
requires us to take into account the possibility 
of a number of alternative outcomes or conse- 
quences of actions. Risk aversion is then inter- 
preted to mean that the very existence of un- 
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certainty is regarded by individuals as a cost. 
On the basis of the so-called Arrow-Lind 
Theorem [3], however, it has been argued that 
there are circumstances when individuals may 
be risk averse but society as a whole may be 
risk neutral; and that, therefore, uncertainty 
can be neglected in social evaluations. The un- 
derlying idea here rests upon the law of large 
numbers in statistical theory. A number of 
writers [17,23] have suggested, nevertheless, 
that environmental damages, especially irre- 
versible damages, are probably sufficiently dif- 
ferent to prevent them being subject to the 
above theorem. Irreversible environmental 
damages are significant effects which per- 
manently, or for a very long period of time, 
reduce the variety of future choices. Thus pro- 
jects such as large scale strip mining, wetland 
drainage and arablisation or dam construction 
with its consequent valley flooding all come 
under the umbrella of irreversibility; as does 
pollution from stock pollutants such as mer- 
cury, cadmium or radioactive waste. 

Irreversible damage effects may serve to 
reduce individuals’ options to experience the 
environmental good or service in question i.e. 
hike or picknick in the previously dry valley 
behind the dam or on the hilltops levelled by 
mining activities. An individual’s option value 
[36] can be defined as a benefit accruing to 
an individual as a result of his retaining an 
option to consume the good at some time in 
the future. In effect it is a premium for risk 
avoidance, an additional willingness to pay to 
insure oneself against the irretrievable loss of 
some environmental good. Irreversibility is not, 
however, an easy concept to pin down and a 
moment’s thought leads one into questions of 
absolute irreversibility or long term irreversibi- 
lity with the possibility of eventual retrieval 
(this latter possibility being dependent on costs 
and technological advance). Further, there is 
the debate over the ‘authenticity’ of the resto- 
ration process; clearly the outdoor recreation 
market is in reality a complicated structure of 
numerous submarkets (we touched upon this 
question earlier when discussing the boating 
recreationalists’ preferences on the Norfolk 
Broads). 

The difficulties inherent in dealing with the 
issues of risk, uncertainty and irreversibility are 
very great and the current state of the art in 
economics is a long way from providing full 


solutions. Practical CBA typically employs the 
assumption of a certain world or incorporates 
some rather imprecise (but perhaps not danger- 
ously incorrect) adjustments to take account 
of uncertainty. Haveman [17] suggests, as far 
as uncertainty in the costs stream is concerned, 
the following adjustments: 


(a) increase the stream of costs according to 
the degree of risk aversion which the policy- 
maker feels is present: 


(b) lengthen the time horizon over which the 
damages are expected; 


(c) reduce the discount rate used in the present 
value calculations. 


Krutilla and Fisher [23] conclude that a con- 
servative decision-taking policy is required 
with respect to irreversible environmental 
effects. They argue that if the costs and benefits 
of alternative uses of the environment are not 
known with any certainty then for a risk averse 
society there will be a value in retaining an 
option to use the environment in a way that 
could otherwise be foreclosed. It is necessary 
to bear in mind, however, (as the authors do) 
that this path breaking work has not yet faced 
squarely the important question of whether or 
not any particular real course of action is in 
fact irreversible (the analysis assumes irreversi- 
bility to be a fact). Thus we have not yet 
reached the level of generality in this complex 
area necessary for real world decision making. 
Suffice it to note at this stage that a policy 
of non foreclosure of options may in practice 
turn out to be very restrictive. 

The problem of irreversibility is intimately 
bound up with the problems of intergenera- 
tional social choice criteria and the concept of 
intergenerational equity [41]. Page [37] 
demonstrates that questions of resource de- 
pletion and stock pollutants are fundamentally 
questions of equitable distribution of burdens 
across generations. For Page the equity ques- 
tion is, what is a fair distribution of risk to 
impose upon the future? He concludes that 
there is no easy way to add up the costs and 
risks along with the benefits and no way to 
guarantee that future generations will enjoy a 
higher level of welfare than the present. The 
discounting method used as an intergenera- 
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tional social decision rule can ensure inter- 
generational efficiency but in terms of equity 
it only serves to bias choice in favour of the 
present generation [38]. When the losers from 
a project cannot vote as is the case for future 
generations, the hypothetical Pareto improve- 
ment criterion breaks down. Freeman [15] 
suggests that compensation to future gener- 
ations (the losers) actually be paid by setting 
aside a sum of money now which when cumu- 
lated forwards at the discount rate (now a 
familiar rate of interest) would provide mon- 
etary compensation for future losers. Page [37] 
adopts a Rawlsian standpoint [42] on the 
question of intergenerational equity. The view 
carries with it the presumption of equal distri- 
bution with bias towards the least well-off. For 
Page the least well-off are likely to be future 
generations whose welfare the current gener- 
ation is reducing by favouring policies which 
over-exploit resource bases, lead to accumu- 
lations of stock pollutants in the biosphere and 
destroy unique landscapes and ecosystems. 
Mishan [33] offers a dissenting view to those 
described above and concludes that the 
economist has really nothing of substance to 
contribute to the debate on the ‘ideal’ inter- 
generational time path. 


THE ROLE OF CBA 


Rowen [44] identifies two different points of 
view towards CBA. One, which he argues has 
often been expressed in the economic literature 
on CBA, sees the objective of CBA to be to 
make a choice. A decision rule is constructed 
which allows efficient choices to be made. To 
what extent this view is still generally held by 
economists is, however, open to debate, a 
number of writers being difficult to pin down 
on this score. There is less doubt that the 
economists’ work has been used by others 
either to justify past choice or as a delaying 
tactic. Dorfman [10] notes that CBA has suf- 
fered from being an economic approach to a 
political problem. The results of CBA were 
wrongly presumed to be determinative and the 
technique was unrealistically expected to fulful 
a role it was not capable of discharging. Rowen 
argues that the decision-rule view of CBA is 
of limited utility because over a range of policy 
areas and decisions, individuals (including de- 
cision-makers) do not have preferences among 


broad goals, nor, in general, among overlap- 
ping policy objectives. 

The second view of CBA identified is one 
which sees the technique as a means of assist- 
ing choice. It is recognised that CBA does not 
eliminate the need for the political resolution 
of conflicting objectives but that it can assist 
in the process of objective formulation and 
choice. The real debate here is how far CBA 
can go in assisting choice. Mishan [32] cau- 
tions economists undertaking CBA to utilise 
the potential Pareto improvement criterion 
and no other. This would seem to many to 
be an overly restrictive role for CBA to play. 
But to play a broader.role traditional (Pare- 
tian) CBA must be extended to encompass not 
just efficiency but many other objectives as 
well. We have seen that some analysts see mul- 
tiple objective planning as the search for a 
single-valued benefit measure while others 
reject this approach on practical grounds and 
leave the final judgement to the policymaker. 

CBA interpreted in a broader context (policy 
analysis) can be of great utility to the policy- 
makers identified by Rowen as lacking clearly 
articulated or well defined preferences. Policy 
analysis can make an essentially heuristic con- 
tribution in this situation providing a concep- 
tual framework for relating resources to objec- 
tives, an ordering device for information and 
exposing the individuals to a range of objec- 
tives. Many commentators have stressed the 
need for CBA or policy analysis, if it is to be 
a genuine component of democratic policy- 
making, to be presented in a disaggregated for- 
mat. The aim must be to encourage a wider 
public participation in decision-making and 
this can only be achieved by presenting infor- 
mation in a more accessible and understand- 
able manner. Tribe [49] argues that the pro- 
cess by which a decision is arived at is often 
at least as important as the result itself. There 
is a danger, nevertheless, that participatory 
decision-making may involve such time delays 
that projects (even desirable and much needed 
ones) will be effectively hamstrung. For Brooks 
[6] the ultimate difficulty with participatory 
decision processes is the lack of assurance that 
all the relevant interests and perspectives will 
be represented in a balanced way. 

Perhaps a new synthesis of the participatory 
and the old technocratic style of decision-mak- 
ing is required. Dorfman [10] argues that a 
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number of what he terms adversary analyses 
ought to be presented in any major project 
decision problem, and the funding of such ana- 
lyses should be controlled by some quasi-judi- 
cial body. Brooks [6] would add a second 
component, a technical-analytical court, that 


iS 


capable of reviewing the various analyses 


presented and which would present an under- 
standable overview of the choices for public 
and policymaker consumption. The fina! judge- 
ment would still, however, rest with the policy- 
makers. The establishment of such a ‘neutral’ 
court would seem to be an enormously difficult 
if not impossible task. 
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There are several important economic reasons why government has a role in environmental manage- 
ment. However there are also substantial informational problems that must be solved if government 
intervention is to be adequately directed. Traditional cost-benefit techniques are subject to some 
serious conceptual and empirical problems. However there are less powerful approaches which 
provide more feasible alternatives to environmental measurement which the authors discuss. 


INTRODUCTION 


THE CONTROL of the environment presents 
considerable managerial problems for those re- 
sponsible for this facet of public decision mak- 
ing. These problems stem from several basic 
causes. In common with many parallel cases 
in the public sector, the environment is not a 
product that is easily traded between interested 
parties, consequently there are few price signals 
which help guide the decision makers courses 
of action. This may be partly due to inadequate 
information and it is information or lack of 
it which causes several general problems for 
the decision maker. In particular, environmen- 
tal decisions have to be made under circum- 
stances when the current state of knowledge 
is incomplete. Complete information on the 
side effects and environmental impact of 
various chemicals etc. rarely precedes their use 
and for example the effects of DDT and mer- 
cury have been grossly miscalculated in the 
past. Recently there has been substantial con- 
troversy over the impact of lead on the mental 


development of children. Within the space of 
a few months two reports from highly repu- 
table bodies gave substantially conflicting 
views on the effects of lead additives in petrol 
(1, 2]. 

Even when the decision maker is aware of 
the environmental consequences of particular 
actions, he has to make value judgements on 
a number of factors. In particular many forms 
of environmental degradation, either directly 
or indirectly, may be associated with shorten- 
ing of human life expectation. This clearly 
causes enormous problems of valuation and 
judgement. Also trade-offs have to be made 
between environmental harm and the reduced 
economic growth, prosperity and employment 
that may result from devoting resources to pol- 
lution control. Most importantly the environ- 
mental decision maker has to make judgements 
about the distribution of economic and en- 
vironmental goods between current and future 
generations—even though periodic changes of 
government resulting in ballot box appeals to 
the current generations may make this task dif- 





422 


ficult. Finally the organisational structure of 
the controlling bodies may themselves lead to 
problems of environmental management. In 
particular when a system exists (as in the UK) 
where separate bodies are responsible for the 
air, water, and land, then the likelihood of non- 
optimal decisions from the point of view of the 
environment as a whole is increased as many 
forms of pollution control merely switch pollu- 
tion from one media to another. 

Some of the issues mentioned above may be 
relatively intractable whilst others can be 
solved by a change in control agency knowl- 
edge and approach. The aim of this article is 
to evaluate how the public decision maker can 
utilise and change his information system in 
order to improve environmental decisions. In 
particular the paper focuses on some of the 
empirical difficulties that may be encountered 
and their solution. 


ENVIRONMENTAL DECISIONS: 
A VOLUNTARY APPROACH 


The basic problem caused by environmental 
pollution is that it is frequently generated by 
an economic unit that does not itself bear all 
the consequences of its actions. It was Ayres 
and Kneese [3] who pointed out that external 
costs and benefits are liable to occur in almost 
any productive process in the form of residuals 
whose disposal is not costless. Indeed the final 
product of an industry will in general become 
a residual itself eventually, since consumption 
typically involves the enjoyment of a flow of 
services provided by the good rather than the 
good’s physical destruction. Of course, not all 
residuals inherently impose a cost on society 
and many can be converted into inputs for 
some other process by the use of further 
resources, with the result that the external 
effect of a residual flow can be positive, nega- 
tive or zero. The important point is that, 
given the very widespread occurrence of sub- 
stantial environmental externalities in produc- 
tion activities, which result in a divergence 
between private and social cost, there is a 
need for government action to internalise the 
externality to ensure an optimum allocation 
of resources. 

However there have, inevitably, been sugges- 
tions that this optimum level of production can 
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be achieved without necessitating any public 
intervention. In particular two voluntary solu- 
tions often put forward are that the polluter 
is socially responsible and controls his own en- 
vironmental degradation or alternatively that 
those impacted by the pollution, and those re- 
sponsible for it, come to some negotiated 
agreement about pollution output levels. 

Whilst many firms do engage in programmes 
of corporate social responsibility, experience 
suggests that this is rarely enough to deal with 
problems of the environment. The second solu- 
tion deserves greater consideration since it has 
been discussed extensively in the literature and 
deals with some important philosophical 
issues. Ronald Coase was its first proponent 
[4] but since then many other economists have 
concerned themselves with the so called ‘bar- 
gaining’ or ‘voluntary’ solution. An excellent 
survey of this work is by Dick [5]. 

The voluntary approach to the externality 
problem revolves around two basic principles. 
Firstly it is suggested that since in cases of en- 
vironmental polution there are gainers and 
losers, then it should be possible for these two 
parties to bargain in such a way that the losers 
can bribe the gainers to reduce pollution levels. 
Consequently an allocation of economic 
resources, the same as state intervention would 
seek, could be achieved as the losers from pol- 
lution could bribe the gainers up to the point 
where marginal private benefit of production 
is equal to its marginal social cost. Secondly 
it is suggested that the outcome of such a bar- 
gaining process is invariant with respect to the 
legal ownership rights of the environmental 
resources that are used both for life support 
and as a waste sink. 

Whilst these arguments have considerable 
intuitive appeal it is doubtful whether they are 
either internally consistent or could serve as 
the basis of policy towards the environment. 
A major facet of the approach is that it largely 
assumes away the transaction costs and organ- 
isational problems of getting those impacted by 
the pollution to act as a group. Even if it were 
assumed that they could act in unison then the 
negotiated agreement becomes a_ bilateral 
monopoly case which a priori is likely to 
lead to an indeterminate solution. Finally the 
possibility of threats could also disturb any 
cosy notions of equilibrium. It is almost axio- 
matic that good bargainers rarely disclose their 
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bargaining _—‘limits—consequently _ threats 
become a likely aspect of negotiation. In the 
presence of threats any agreement is only likely 
to be optimal by chance. Indeed threats may 
induce polluting behaviour beyond that level 
profitable for the polluter in order that his 
threats become more believable in the next 
negotiating round. 

The independence of ownership rights and 
the level of activity also seems a dubious pro- 
position both in theory and practice. In the 
long run the bribe revenues collected by the 
polluter (if the ownership rights had been 
ascribed to him) would act as an inducement 
for new firms to enter the industry and thus 
change production levels and the allocation of 
resources. Finally, a compelling reason to 
reject the negotiated solution is that, in view 
of the long run existence of serious externality 
problems that demand some form of govern- 
ment intervention, the voluntary approach has 
clearly not been workable. 

A final decentralised alternative would be for 
government to change the legal status of all 
environmental resources such that those valu- 
ing the environment for consumption and 
those valuing it for purposes of waste disposal 
could in theory bid for the rights to use parts 
of various environmental media. Thus at each 
stage in the bidding process the bids would 
represent incremental benefits that various 
parties attach to environmental resources. In 
theory the concept is fine—especially if the 
assimilative capacity of the environment—and 
thus the welfare of future generations was pro- 
tected by a minimum environmental standards 
which could not be the subject of auctioning. 
However such a scheme would still run into 
problems of individuals not participating in the 
bids but still receiving the benefits that were 
due to those who did. This is the problem of 
public goods provision which is a central 
reason for state intervention. Also if effective 
bidding coalitions were to be formed it is likely 
that there would be subsiantial transaction 
costs and organisational problems in their for- 
mation. 

It seems reasonable to conclude, therefore, 
that because of the essentially public nature of 
environmental benefits neither voluntarily 
negotiated solutions not the creation of private 
markets represent a reasonable approach to 
the management of environmental resources. 


OME 7/5—D 


COST-BENEFIT EVALUATION 
AND THE ROLE OF 
GOVERNMENT 


In the absence of a market solution to en- 
vironmental problems, public decision makers 
must decide between alternative courses of 
action on the basis of a cost-benefit evaluation. 
Following this they may control environmental 
degradation by standards, taxes, or subsidies. 
In this paper however we do not concern our- 
selves with the mechanism of controls but in- 
stead concentrate on the information require- 
ments for effective control decisions. 

The underlying philosophy of cost-benefit 
analysis is that all the costs and benefits of 
a particular action should be considered, to 
whosoever in society they accrue, so that it 
would seem that this technique is appropriate 
for the appraisal of environmental policies. in- 
volving the regulation of external effects on dif- 
ferent groups of people. We concentrate below 
on determining the information requirements 
for effective decision-making, and discuss the 
viability of the use of cost-benefit analysis and 
an alternative approach in this context. 

Clearly the frequency of incidence of sub- 
stantial externalities involving the environment 
is a rationale for the use of social decision- 
making machinery. However the external cost 
of pollution to a particular environmental 
medium cannot be looked at in isolation. 
Abatement policies do not destroy matter, but 
only convert it from one form to another, an 
example being the incineration of solid waste 
causing air pollution. The problem is not how 
to dispose of residuals, but how to convert 
them into a form which imposes the least cost 
on society, including the cost of transforma- 
tion. This cost must then be compared at the 
margin with the social benefit of the pollution- 
creating product. 


Conceptual problems in the evaluation of en- 
vironmental costs and benefits 


It has been suggested there are severe ob- 
stacles which render the use of cost benefit 
analysis inappropriate for the analysis of cer- 
tain kinds of environmental problems. Pearce 
[6] draws attention to the distinction between 
economic effects and biological effects. A good 
example of a form of pollution involving 
economic but not biological effects would be 
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glass bottles and the cost-benefit framework 
is capable of incorporating this kind of exter- 
nality problem. The complex situation arises 
where biological forces are affected by an ac- 
tivity, but the economic effect is imperceptible. 

Such a case would be the emission of cad- 
mium, which above a certain level of concen- 
tration can have very serious health implica- 
tions. In reality, of course, there is an economic 
effect associated with such an emission, but it 
may well go unperceived, due to the fact that 
damages emanate from the stock of pollution, 
rather than its flow. In the case of wastes which 
are essentially non-degradable, any addition to 
the stock of pollution imposes a damage cost 
for an indefinite period into the future, and this 
is difficult to ameliorate. Since the cost-benefit 
framework is designed to relate damage esti- 
mates to flows of pollution, it cannot easily 
be adapted for situations where it is the stock 
of waste that is the relevant concept, unless 
the damage from the stock pollutant is valued 
at infinity. 

A separate, but somewhat related conceptual 
difficulty occurs where an excess discharge of 
waste impairs the assimilative capacity of the 
environment. This is referred to as a ‘dynamic 
externality’. The problem here is that, given the 
assumption of instantaneous assimilation of 
waste which is within the environment’s capa- 
city, external costs only occur above this level. 
If there are net private benefits to production 
above this level, and the marginal external cost 
curve is upward sloping and continuous, then 
some level of waste emission above assimilative 
capacity must be deemed optimal. 

If exceeding the environment’s natural capa- 
city impairs established degrader popula- 
tions—and thus the assimilative capacity of the 
environment—then future generations will be 
able to discharge less and less to various en- 
vironmental media and optimal production 
levels (where marginal external cost equals 
marginal private net benefit) will tend to fall 
towards zero. Clearly unless the external en- 
vironmental cost function includes an element 
for the loss of assimilative capacity then equat- 
ing costs and benefits as a guide to public deci- 
sion making will inevitably lead to incorrect 
decisions. Ignoring discounting considerations 
this means that the optimum production level 
for society will be equal to that level which 
does not breach the assimilative capacity of the 
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environment. Two caveats can however be 
made. Firstly, if society wishes to use a positive 
discount rate in its evaluation, then pollution 
levels in excess of what the environment can 
absorb will be justified. Secondly if it is conjec- 
tured that future new technology will enable 
a cleaning up of the environment to a greater 
extent, than is now possible, then clearly the 
use of a positive discount rate is wholly justi- 
fied and breaches of the assimilative capacity 
can be allowed in the short run. 

Alternatively it might be equally justifiable 
to assume a negative rate of discount for future 
cash flows. As time passes, and manufacturing 
processes throughout the world become in- 
creasingly extensive, environmental resources 
can be expected to become increasingly scarce 
and valuable. To treat air and water quality 
improvements in say, 50 years’ time as virtually 
valueless, which is the impact of discounting, 
seems absurd. This is not to say that equal 
monetary benefits in different years should 
always be treated equally. It there are good 
reasons for valuing benefits accruing at a 
particular time more highly than others, then 
there is no theoretical objection to weighting 
these years individually. For example, if tech- 
nological advance was expected to develop a 
pollution-free process for a particular industry 
in 10 years time, then the benefits of a treat- 
ment facility for the industry should be 
weighted to give low values for those accruing 
after this time. It is the ‘straight line’ treatment 
to flows of costs and benefits given in discount- 
ing, which is the subject of the valid objection. 

It is probably true to assert that the reason 
discounting has been utilised so unquestion- 
ingly in environmental studies, is that without 
its use, cost-benefit analysis may sometimes 
lose its relevance. Many activities result in 
flows of costs or benefits lasting for an indefi- 
nite time period, which if summed without dis- 
counting have an infinite present value. This 
may render cost-benefit analysis superfluous to 
decision making. Conversely, the convenient 
use of an arbitrary discount rate results in the 
present value tending to a finite sum, allowing 
a neat comparison of cost and benefits. The 
fact that total environmental destruction in, 
say, 200 years’ time would be minutely valued 
by this method, does not seem to matter. How- 
ever despite the conceptual limitations cost- 
benefit analysis can usefully be employed for 
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examining many projects and strategies con- 
cerned with the environment. We now evaluate 
some of the practical valuation problems. 


PROBLEMS IN THE VALUATION 
OF INDIVIDUAL COST AND 
BENEFIT COMPONENTS 


There is a certain asymmetry in the ease of 
measurement of the cost and benefits of con- 
trolling pollution. The costs of pollution abate- 
ment are most easily measured at the level of 
the individual firm, since it is firms that keep 
the relevant data. Industry data necessarily 
present problems of aggregation which will be 
confused by the different age of plant, process 
differences etc. On the other hand, the benefits 
from the achievement of a particular level of 
reduction in emissions of a particular pollutant 
may be more readily estimated than the benefit 
from an emission reduction by an individual 
unit. This is because of the often complex rela- 
tionship between each discharge and overall 
ambient conditions. 


Costs 


Essentially there are basically two types of 
pollution control; the first may be described 
as the short-run palliative which can often be 
added on to the production process either at 
the planning stage or retrospectively, fre- 
quently described as ‘end-of-line pollution con- 
trol’. This type of device includes, say, filtration 
plant used to clean exhaust gases before being 
discharged through a chimney. Whilst no 
change in the inputs (physical or capital) for 
the production process is involved, equipment 
is added to the end of the production line to 
control the discharge of pollutants to the at- 
mosphere. 

Generally, computing the cost to the firms 
of the various types of equipment is relatively 
straightforward. What cannot be costed, how- 
ever, are the various ‘intangibles’ involved :— 
the ‘cost’ of lost production: as the equipment 
is being installed, the opportunity of an alter- 
native allocation of capital expenditure on pro- 
ductive plant and the opportunity cost of the 
physical space taken up by the control device. 
Quantification of this type of data is difficult 
but a subjective impression would be that in 
some cases they may be substantial and a 
simple totting up of the tangibles can seriously 
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underestimate the full cost of pollution control. 
In addition small firms may lack the necessary 
expertise or have in-house resources to design 
control equipment. In these cases in particular 
the disruption costs of conforming to environ- 
mental regulation may be very substantial. 

However, accepting the whole part of the 
end-of-line pollution control cost may also be 
misleading if the equipment brings benefits to 
the firm. Filtration plant, for example, can per- 
mit captured materials to be recycled and fre- 
quently in areas (such as non-ferrous metal- 
lurgy) where raw material costs are very high, 
this may be essential to ensure the economic 
viability of the process. The ‘correct’ cost to 
be allocated to pollution control is that in- 
volved for pollution control levels over and 
above those that would be undertaken solely 
for ‘economic’ reasons. Some recent research 
showed that few firms had any ideas about 
what proportion of their wastes they would 
collect for economic reasons. This may be 
partly due to the fact that pollution legislation 
pushed them into recycling when otherwise 
they may not have considered it [7]. 


The second type of pollution control 


measure is much longer-run in character in- 
volving a change in the nature of the inputs 


to the production process itself. It may mean 
the use of alternative raw materials processed 
in existing machinery or existing materials pro- 
cessed in new machinery or a combination of 
both. A wholly new technology may be intro- 
duced to manufacture the product. These 
changes can be classified as ‘in-plant’ and 
clearly these measures will frequently be incor- 
porated over a very much longer period of time 
than the end-of-line control equipment. Thus, 
the length of time industry is given to clean 
up its emissions to the environment determines 
the nature of the control measures the firm is 
able to undertake and the extent and impact 
on its costs. We can identify many examples 
of process substitution which have had an im- 
pact upon pollution control; in some cases the 
move has been prompted by the need for pollu- 
tion control but in others ‘economic’ and en- 
vironmental considerations have worked in the 
same direction. An important example of a 
process change prompted almost entirely by 
pollution control considerations, is the now 
widespread adoption of the so-called ‘pre-bake’ 
cell in the production of aluminium [8]. This 
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is technically less efficient than other types of 
cell which have been developed but has the 
advantage that the waste gases are much more 
easily cleaned. In this case, pollution control 
necessitates the acceptance of a technically less 
efficient production process. 

Various studies have now been made of the 
costs of environmental control and some of 
these are summarised by Lowe [9]. There are 
several aspects of these studies and the data 
generated which are important. Firstly there is 
a very high degree of variability even within 
very specific industries. In part this is because 
some of the most heavily impacted industries 
are those which have a mix of modern and 
old plant, which means the type of control and 
user needs will vary. Also locations are differ- 
ent and for a variety of economic, environmen- 
tal, technical and political factors this may 
affect the costs of control and the degree of 
control achieved. 

The size of firm and extent of integration 
also appear to be a determining factor of con- 
trol costs since large and/or integrated oper- 
ations which have substantial head office 
research resources are frequently better placed 
to negotiate and implement environmental 
control. This factor has been reinforced in 
some recent research which found for instance 
that the extent of recycling and firm size were 
closely linked in the Textile Dyeing and Finish- 
ing industry [10]. There is considerable evi- 
dence too of economies of scale existing in the 
operation of pollution control equipment. This, 
coupled with the technological problems faced 
by small firms, means that environmental con- 
trol may force some firms to merge or go out 
of business altogether [11]. 

However, perhaps the most important aspect 
of costs is the marginal cost function. Here 
recent research [12] shows that control at 
levels much higher than at present, may in 
some industries lead to very substantial cost 
increases. One example quoted was in second- 
ary lead processing where it was estimated that 
for an average plant the total cost of control 
per tonne of lead produced increased from £2 
per tonne at 95% collection efficiency, to £4 
per tonne at 99%, to £8 per tonne at 99.8% 
and £10 per tonne at 99.9%. Ultimately these 
costs have to be borne by the consumer in the 
form of higher prices, or shareholders and 
labour in the form of lower dividends and 
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fewer jobs. Consequently there are important 
multiplier effects of environmental control 
which can clearly impact on important facets 
of the economy such as economic growth, un- 
employment and in some cases international 
competitiveness. 


Benefits 


A common factor that is encountered in the 
process of evaluation, is the frequent inter- 
dependence of benefits. This makes isolation 
of the effects of a particular strategy rather dif- 
ficult. The interdependence can apply both to 
the uses of resources, and to the effects on 
those uses of different polluting agents. It is 
often impossible to distinguish the effect of one 
pollutant from another. This has been the case 
in measuring the impact of pollution on human 
health where the work of Lave and Seskin [13] 
is pre-eminent. They analyse the relationships 
between deaths from certain diseases, and the 
incidence of sulphur oxides and particulates, 
using a multiple regression on cross-sectional 
data. Whilst the results of studies such as these 
do have a certain credibility, correlations 
between the pollutants and such factors as cli- 
mate and socio-economic status, may lead to 
multicollinearity. It is then possible, though 
perhaps not likely, that pollution may be only 
the ‘proxy’ for the real cause of the illness. An 
additional problem is posed by the need to 
value life itself. Ridker [14] treats this emotive 
subject by summing anticipated loss of earn- 
ings, the cost of premature burial, and medical 
costs. This is, of course, hopelessly inadequate, 
as must be any valuation which omits the psy- 
chic damage of ill health or death, but it may 
at least indicate the lower bound for the true 
value. 

Ultimately an overall measure of benefit is 
what is required. One way of approaching this, 
is to conduct a survey which hopes to establish 
individuals’ ‘willingness to pay’. It must be said 
immediately that devising a survey which will 
generate useful results, is an extremely skilled 
task in any field. There is also the need to be 
sure of the honesty of the answers, particularly 
where the respondents believe these may affect 
public policy towards themselves. An ad- 
ditional problem which is specific to environ- 
mental surveys is the accuracy of respondents’ 
perception of pollution’s effects. 

A second measure employed to estimate 
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benefits involved regressing wage levels across 
cities with different levels of air quality. The 
underlying assumption is that wage rate vari- 
ations compensate for relative civic disameni- 
ties, which might be reasonable if the labour 
market was perfectly competitive. Since this is 
not the case, and for many industries wages 
are negotiated nationally, this approach is 
extremely unsatisfactory. 

The National Academy of Sciences in the US 
[15] regressed real wage rates against various 
socio-economic variables together with the 
level of three air polluting agents, but the coef- 
ficients of the latter were, unsurprisingly, found 
to be insignificant because of multicollinearity. 
A further contribution [16] did manage to 
obtain significance by using fewer variables, 
but had an equally dubious theoretical basis. 

One method of valuation which is more pro- 
mising is the use of land or property values. 
Numerous studies have been undertaken which 
regress land or property values against socio- 
economic variables and indices of pollution, in 
order to derive a coefficient reflecting the effect 
at the margin on property values, of a particu- 
lar increment in environmental quality. Quite 
apart from the problem of multicollinearity, 
there may be serious objections in principle to 
the use of this technique, which are most 
lucidly expressed in a paper by Polinsky and 
Rubinfield [17]. 

There are two stages involved in the tech- 
nique. Firstly, a multiple regression equation 
is estimated in which property values are the 
dependent variable. Secondly, the values which 
would obtain after a particular change in en- 
vironmental quality, ceteribus paribus, are 
calculated by the simple application of the 
relevant coefficient. The attendant implicit 
assumptions, are that the regression equation 
is capable of accurately predicting property 
value changes, and that these changes are a 
valid reflection of the ‘willingness to pay’ of 
society as a whole, for the improvement. Both 
of these can reasonably be called into question. 

On the point of the prediction of future pro- 
perty values, the most obvious objection is that 
other factors will not remain constant, given 
a change in environmental quality. In particu- 
lar, wages may be affected if there is an inflow 
of residents to the area, as might be transport 
costs. An even more serious obstacle may be 
provided by the second implicit assumption, 
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that property value changes are a fair measure 
of overall benefit. This will only be true if all 
benefits accrue to property owners. This will 
clearly not always be the case. 

Whilst a general equilibrium model would 
be necessary to evaluate benefits very accu- 
rately, Polinsky and Rubinfield suggest the in- 
teresting compromise of measuring only the 
immediate change in land values, before indivi- 
dual economic agents have had time to adjust 
to alterations in other factors. Thus it is clear 
that their analysis is strictly speaking only 
valid for marginal changes in environmental 
characteristics. 

The first step of the analysis is to estimate 
the relationship between land prices on the one 
hand, and net wages, level of environment 
amenity and a level of utility which is constant 
for all members of a particular class, on the 
other hand. This is done separately for each 
class of individuals, by using observations from 
each area where any members of that class 
reside. This permits the identification of the 
utility function for each class, given that the 
form of the function has been correctly speci- 
fied. Utility is defined as a function of land 
prices, net wages, and amenity. The next step 
is to identify the level of wages necessary to 
maintain the same level of utility, given an in- 
crease in amenity. 

Since utility for all members of a class is 
the same, this cross-sectional approach avoids 
the problem of a potential income effect. The 
level of wage necessary to maintain equilibrium 
after an environmental improvement will be 
lower than the previous level. The final stage 
of the benefit calculation involves summing the 
reduction in wages over all locations, and for 
all relevant classes of consumer, to obtain an 
estimate of society’s willingness to pay for the 
benefit. 


Overall assessment of the use of cost-benefit 
analysis 


It has been argued that the inclusion of the 
costs and benefits of environmental quality are 
essential to social decision-making, because 
almost all productive activities influence the 
environment in some way. Furthermore the 
residuals arising from these activities can only 
be transformed, not destroyed. In the context 
of the environment, the predominant role of 
cost-benefit analysis is to make assessments of 
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the value to society as a whole of alternative 
strategies towards the transformation of waste 
products, in terms of the benefits from environ- 
mental improvement and the costs from the 
usage of scarce resources. 

The measuring rod of money is generally 
adequate so far as the valuation of the resource 
costs of achieving a particular environmental 
improvement is concerned, but is often inade- 
quate as a yardstick for the magnitude of the 
benefit to society arising from the improve- 
ment. This is the explanation for the observ- 
able fact that so many of the larger scale cost- 
benefit studies undertaken in the field of the 
environment have concerned themselves with 
determining the most efficient or least cost 
means of attaining a particular level of en- 
vironmental quality, rather than comparing 
alternative quality-cost configurations. 

It would be wrong to infer from the un- 
doubted existence of conceptual and practical 
difficulties in the evaluation of environmental 
benefits that no useful monetary estimates can 
ever be made of the benefit to society of a par- 
ticular reduction in pollution. In some cases 
reasonable ‘proxies’ are available for benefit 
measurement, and in others it may be possible 
to assess the benefits by dividing them into 
components. Even where particular com- 
ponents of benefit are being estimated, valua- 
tions can only be made directly for material 
damage reduction and production benefits. In 
all other cases, values must be inferred from 
the behaviour of individuals. 

So far as choices involving matters of aes- 
thetic improvement or recreational provisions 
are concerned, there seems to be no reason for 
supposing that the preferences revealed by 
individuals are anything other than a true 
measure of the benefit derived. If, for example, 
100 individuals would value the activity of fish- 
ing at a particular location at £10 each per 
annum, then it is unobjectionable to assert that 
the benefit from a pollution control device 
which prevents a pollution interference with 
the fishing is at least £1,000 per annum. Unfor- 
tunately the same assertion cannot be made 
for other categories of environmental benefit, 
in particular improvements in human health. 

The basic problem arises from a lack of un- 
derstanding and knowledge of the health effects 
of particular pollutants in differing concen- 
trations. The effects on health of certain sub- 
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stances in the air and in water has been esti- 
mated by medical researchers, but by laymen 
most aspects of this subject are very poorly 
understood. A similar argument would apply 
to long-term damage of all types arising from 
the ecological implications of certain types of 
pollutant. For this reason, it is suggested here 
that the inference of values for human health 
from the observed behaviour of individuals is 
wholly inappropriate. The reasoning is not 
paternalistic in character. If members of society 
had sufficient knowledge and understanding of 
the complex technological interactions in- 
volved, then their revealed preferences would 
be an appropriate measure of benefit. It is only 
because of this undeniable information dejiciency 
that these preferences are not meaningful. The 
implication of this must be that existing benefit 
evaluation relying on estimates of material 
damage or inferred behaviour must be replaced 
by a different type of measure. 


AN ALTERNATIVE APPROACH 


In response to this situation, a method has 
been developed by Battelle Columbus Labora- 
tories [18] which uses an environmental index 
for the comparison of alternative pollution 
control strategies. This work was specifically 
directed at evaluating the environmental im- 
pacts of alternative methods of control, involv- 
ing discharges to different media, since it is 
particularly difficult to express these compari- 
sons in monetary terms. The aim of their 
method was to compare a number of possible 
environmental management alternatives for a 
particular productive process. An ‘Environ- 
mental Degradation Index’ (EDI) can be calcu- 
lated for each alternative, and the ‘Strategic 
Effectiveness Index’ (SEI) of a particular con- 
trol method was defined as the difference 
between its ‘EDI and the ‘EDT? of the uncon- 
trolled case (which would normally be higher). 
Thus: 


SEI; = EDI, — EDI; 


where i is the relevant control strategy and u 
is the uncontrolled case. 

The major innovation in this work was as- 
sociated with the calculation of the appropriate 
‘EDI’s’, which necessarily involved a subjective 
relative valuation of emissions to different 
media. The approach to this was to develop 
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two levels of weights, the first for different pol- 
lutants within the same medium, and the 
second for comparing damage to alternative 
media. These weights would then be multiplied 
together to attain an overall weight for a par- 
ticular pollutant. This weight was then sub- 
jected to an arbitrarily determined ‘modifier’ 
designed to take account of the characteristics 
of each pollutant in terms of its persistence, 
its geographical range of impact, and its trans- 
ferability between media. The volumes of all 
emissions from a particular strategy were then 
applied to an arbitrarily determined ‘S’ shaped 
damage function based upon a hypothesised 
maximum level of emission of each pollutant. 
A damage index between 0 and 1 was obtained 
for each pollutant according to the volume 
emitted, and this was then multiplied by the 
weight appropriate to the particular pollutant. 
Finally the figure for all emissions were 
summed to arrive at the EDI for each strategy. 

The development of the two levels of weights 
can be achieved by using a modified ‘Delphi 
Technique’. Each member of a panel of experts 
was asked to rank a list of pollutants, and then 
to rate the second as a fraction in importance 
of the first, the third of the second, and so on. 
This process would be repeated separately for 
each industry to be considered, and compari- 
sons made in terms of the maximum emission 
levels referred to above. An attempt to account 
for location was made by using regression data 
on the effect of certain key geographical factors 
on the environmental damage caused by pollu- 
tants. Consensus is then approached through 
further re-estimating stages. 

The information derived from this technique 
falls short of that obtaining from a full cost- 
benefit analysis, insofar as every alternative will 
have two non-commensurable parameters 
attached to it, an Index of Strategic Effective- 
ness and a cost. Furthermore the use of the 
‘modifier’ for the weightings means that. the In- 
dex itself cannot be considered a truly cardinal 
measure. For this reason the method will not 
generally indicate an optimal solution, but 
where there are a number of alternatives under 
consideration, it will often point to some good 
solutions and some less good ones. This 
approach seems a most promising one and can 
be improved by some modifications which the 
authors have adopted in some recent research 
[19]. In particular the use of an arbitrarily 
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determined ‘modifier’ to account for dispersion 
range, transferability, and persistence seems to 
run contrary to the subjective approach of the 
work. It might prove easier for experts to in- 
clude these factors when making their valua- 
tions, than to deliberately exclude them in 


. order for them to be accounted for separately. 


Allowing the experts to make the valuations 
inclusive of these factors also has the important 
advantage of retaining the cardinality of the 
index. Cardinality allows a comparison of 
alternatives on the basis of units of environ- 
mental benefit per £ of resource cost. 

Secondly whilst the assumption of an 
S-shaped damage curve for pollutants is as 
plausible as any other assumption, it would be 
possible to extend the use of the ‘Delphi’ tech- 
nique to include questions designed to find out 
the experts’ own perception of the shape of the 
damage function for each pollutant. 

Thirdly a more accurate picture of pollution 
problems can be obtained by modifying the 
‘Delphi’ technique to allow the inclusion of 
brief statements of reasons for valuations by 
participants. These could then be circulated 
(anonymously) along with median results at the 
second stage. This would allow some limited 
debate without having the unfortunate disad- 
vantages of personality dominance associated 
with face-to-face encounters. 

Fourthly the use of a two stage weighting 
system seems to be both unnecessary, and 
fraught with difficulties. In particular, experts 
must have found it very hard to make compari- 
sons of air, water and solid waste pollution in 
general terms. A straight relative weighting of 
relevant pollutants, whether to air, water or 
land, seems to be both more straightforward 
and more meaningful. 

Although the relative effects of different pol- 
lutants are not couched in terms of money, it 
is important that participants have the concept 
of relative economic damage in their mind 
when making valuations, in order for the 
results to be meaningful. This should be 
emphasised in communications with the par- 
ticipants. 

Finally a central problem which will always 
recur in an approach of this sort involves the 
question of location. The best way to proceed 
would seem to be to specify a hypothetical 
location by means of air and water quality par- 
ameters. The extent to which any results are 
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capable of generalisation will depend upon the 
extent to which a ‘typical’ urban location 
exists. 

In our own research consensus on the rank- 
ings and weights applied to the individual pol- 
lutants increased considerably from the first 
round to the second round and this enabled 
an application of these essentially cardinal 
measures to alternative forms of environmental 
control. Rational choice between alternatives 
is thus facilitated although no measure of the 
absolute benefits or costs comparable to non 
environmental goods is possible—as it might 
be in a perfect cost-benefit study. 


CONCLUSIONS 


It has been argued that the inclusion of 
valuations of environmental quality are essen- 
tial in government decision making because 
almost all productive activities influence the 
environment and residuals can only be trans- 
formed and not destroyed. Market and volun- 


tary solutions are intuitively appealing but 
beset with practical problems. Here the role 
of economics in environmental decision mak- 
ing is philosophical and has important implica- 
tions for justice and the rule of law. 


Potentially cost-benefit analysis should 
enable adequate public decisions to be made 
although there are severe conceptual and prac- 
tical limitations to its application. Conse- 
quently the use of indexes of environmental 
harm may be more appropriate in restricted 
choice situations. These types of solution are 
clearly preferable to arbitrarily determined 
ones although are not as powerful as those 
provided by ideal cost-benefit analysis. 
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Environmental Impact Statements (EISs) present the results of a structured appraisal of the likely 
effects of a proposed development on the environment. Systematic methods of identification and 
assessment of potential effects of major projects have been developed in response to public concern 
about environmental quality. EISs were first introduced in the United States (US) in 1970 but 
they have since been adopted in a number of countries. In the United Kingdom (UK) EISs have 
been prepared for certain major projects, in particular for-developments related to North Sea 
oil, but the procedure has not been formally introduced into the planning system. In this article 
the history of EIS in the US, UK and elsewhere is traced. Contents of EISs and methods of 
appraisal which may be included are described. Many attitudes towards EIS are based on the 
early years of EIS in the US where it was seen to be a slow, costly procedure frequently involving 
lengthy court battles. A review of EIS experience in the US shows that these problems have 
been exaggerated. Two major developers in the UK, BP and British Gas Corporation, consider 
EIS to be a valuable component of their project planning activities, ensuring that environmental 
aspects of developments are considered at an early stage. Finally some arguments for and against 
the formal introduction of EIS in the UK are examined. The article concludes that EIS will 


play an increasingly important role in the UK planning system. 


INTRODUCTION 


IN RECENT years there has been increasing 
public concern about the quality of the en- 
vironment and consequently about the effects 
of major developments on the environment. 
The ‘environmental movement’ first gained 
support in the United States (US) in the 1960s 
but since then its influence has spread to most 
Western countries. The impact of a proposed 
development on the environment can now be 
a critical consideration in determining whether 
or not it should proceed. Methods of predict- 
ing, appraising and presenting the environmen- 
tal impacts of proposals have been developed 
to meet the needs of decision-makers for infor- 
mation on the environmental implications of 
their decisions. 

One response to the growth of interest in 
environmental conservation in the US, was the 
passing of the National Environmental Policy 
Act (NEPA) in 1970 [23]. NEPA introduced 
the concept of environmental impact state- 
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ments (EISs). An EIS is a document which sets 
out the likely impacts of a proposed project, 
plan or policy on the environment. It presents 
the results of systematic assessment of the 
potential effects of a proposal. Impact assess- 
ment is a prerequisite to the production of an 
EIS. Throughout this article the term EIS 
refers to the process of assessment of likely im- 
pacts and to the statement of outcome of 
assessment. EIS is a structured approach to en- 
vironmental appraisal of projects. It makes use 
of procedures and methods of assessment have 
been developed to facilitate systematic ap- 
praisal. 

Since the enactment of NEPA, interest has 
been expressed in EIS in many countries and 
a number have introduced procedures which 
require the preparation of EISs for certain 
types of projects. In the United Kingdom (UK) 
the question of whether EIS should be formally 
incorporated into town and country planning 
legislation is unresolved. It has been the subject 
of government sponsored research and is cur- 
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rently being debated widely in planning and 
academic circles. This article traces the history 
of EIS in the US, the UK and elsewhere. The 
contents of EISs and methods of identification 
and assessment of impacts which they may in- 
clude are described. The current controversy 
about EIS in the UK is examined in the light 
of experience of EIS in the US and the atti- 
tudes of selected developers towards EIS. 


HISTORY OF EIS 


The enactment of NEPA on Ist January 
1970 marked the first legal recognition of EIS. 
NEPA declared a US national policy of 
encouraging harmony between man and the 
environment. The means of achieving this 
policy objective were contained in the ‘action- 
forcing’ provisions of the second part of the 
Act. 

The most important of these required 
Federal agencies to produce EISs for “major 
Federal actions significantly affecting the qua- 
lity of the human environment”. The EIS re- 
quirement is limited to public projects and 
policies and to those private developments for 
which Federal permits, authorisation or fund- 


ing is necessary. NEPA introduced EIS as an 


administrative procedure to ensure that 
Federal agencies complied with national en- 
vironmental policies. It was not intended as a 
land-use planning tool as it has later come to 
be considered in the UK and elsewhere. 

The ambiguity of NEPA, which used but 
did not define such terms as ‘major’ and ‘sig- 
nificantly’, resulted in many court actions in 
the years immediately following its implemen- 
tation. Prolonged legal battles about EISs 
damaged the reputation of the procedure es- 
pecially amongst observers outside the US. 
However, litigation owed more to the drafting 
of NEPA, the inexperience of many Federal 
agencies in environmental matters and the 
legal system in the US than to the intrinsic 
characteristics of EIS. The possibility of court 
action led Federal agencies to produce volu- 
minous EISs which covered every conceivable 
impact, a notorious example being the nine- 
volume EIS on the Trans-Alaska Pipeline 
[27]. The US Council on Environmental Qua- 
lity (CEQ), which is responsible for overseeing 
the implementation of NEPA, has recently 
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issued regulations governing the preparation 
of EISs. Among other things the need for bre- 
vity is stressed, requiring that an EIS prepared 
under NEPA should not normally exceed 150 
pages [26]. 

The discovery of North Sea oil and gas was 
an important factor in the growth of interest 
in EIS in the UK. Exploitation of the oil and 
gas required large-scale developments, such as 
platform construction yards, which placed 
quite new demands on the planning system. 
The Scottish Development Department (SDD) 
responded to the special problems of oil- 
related development by advising planning 
authorities that such developments ought to 
be subject to “rigorous appraisal” [19]. Plan- 
ning authority in-house expertise was in many 
cases unable to provide such an appraisal. To 
ensure effective assessment, SDD chose to 
call-in major oil-related development appli- 
cations for decision by the Secretary of State 
and to employ consultants to produce EISs. 
SDD was consequently in the vanguard of 
research into EIS in the UK. 

In 1974, the Secretaries of State for the En- 
vironment, Scotland and Wales commissioned 
an investigation of the desirability of introduc- 
ing a system of EIS in Great Britain. The 
study concluded that a limited number of de- 
velopment proposals (possibly 25-50 a year) 
which had large scale and complex impacts on 
the environment ought to be subject to EISs 
[6]. A similar conclusion was reached in a 
Review of the Development Control System 
published in 1975 [9]. Catlow and Thirlwall 
recommended that EISs could be introduced 
experimentally without legislation but that a 
number of amendments to the Planning Acts 
would be desirable if EIS were to become a 

ermanent part of the UK planning system. 
These included giving the appropriate Secre- 
taries of State the power to prescribe types of 
development which should be subject to an 
EIS and providing that the costs of an EIS 
should be shared between the planning auth- 
ority and developer. The Department of the 
Environment published the report (1979) with- 
out commenting on its conclusions and there 
has still been no official response from central 
government. 

The Project Appraisal for Development 
Control (PADC) research team of the Geog- 
raphy Department, Aberdeen University, was 
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sponsored by central government to develop a 
method which enabled planning authorities to 
make a balanced assessment of the potential 
impacts of industrial developments. The 
method was published in The Assessment of 
Major Industrial Applications—A Manual 
[17]. The primary purpose was to aid plan- 
ning authorities in assessing applications for 
planning permission for private developments, 
although the approach can be applied to pub- 
lic sector projects. At present the Manual is 
being revised taking account of the experience 
of those who have used it. A revised and 
extended Manual will be published toward the 
end of 1979. 

Despite commissioning these studies, the 
UK central government has been criticised for 
its lukewarm attitude to EIS [4]. In the pres- 
ent climate of constraints on local government 
expenditure there has been no move to intro- 
duce EIS as a mandatory addition to plan- 
ning authority functions. The government's 
industrial strategy accords high priority 
to the encouragement of industrial develop- 
ment and any new procedure which may 
hamper industrial growth is treated with 
extreme caution. 

The introduction of EIS may be viewed by 
the government as being incompatible with 
the industrial strategy. A few planning author- 
ities have prepared EIS for exceptional devel- 
opments but more frequently environmental 
consultants have been employed to undertake 
assessments. 

While moves towards the introduction of 
EIS by the UK government have been cau- 
tious, other countries have adopted EIS pro- 
cedures. In 1973, Canada introduced EIS for 
major projects planned or funded by Federal 
agencies. The Canadian procedure requires 
that an independent Environmental Assessment 
Panel is constituted for each development to 
define the scope of appraisal, review the assess- 
ment and make recommendations to the appro- 
priate Minister. Australia implemented legisla- 
tion requiring EISs for Federal developments 
in 1975. In Europe, France and Eire have 
enacted EIS legislation while West Germany 
has instituted dministrative procedures cover- 
ing the preparation of EISs. Within a decade 
EIS has become part of the project assessment 
and authorisation machinery in many coun- 
tries. 


THE NATURE AND 
CONTENT OF EISs 


An EIS presents the results of an assessment 
of the likely impacts of a proposed develop- 
ment to the public and to those responsible 
for deciding whether the development will pro- 
ceed. EIS has the dual functions of ‘opening 
up’ decisions to public scrutiny and of improv- 
ing the factual basis for decisions. The purpose 
of EISs is, therefore, to communicate the impli- 
cations of possible actions to non-experts. 

There is no standard form for an EIS. NEPA 
requires that the following aspects should be 
discussed: 


(i) the environmental impacts of the pro- 
posed action; 

(ii) any adverse environmental impacts which 

cannot be avoided; 


(iii) 


alternatives to the proposed action; 
(iv) the relationship between local, shori ‘rm 
use of man’s resources and the main- 
tenance and enhancement of lIcag term 
productivity; 


any irreversible and irretrievabie <ommit 
ment of resources. 


headings although extra sections are often 
added which cover description of the project, 
description of the site and surrounding area 
and possible actions to mitigate adverse effects. 
A discussion of mitigating actions has proved 
to be a valuable component, indicating to deci- 
sion-makers how projects can be made more 
acceptable. Canadian EISs are not constrained 
by legal requirements and show a wider range 
of contents. 

The PADC Manual suggests a pattern for 
EIS which is partly based on American EISs 
but which takes account of the needs of a plan- 
ning authority determining an application for 
planning permission; six components are sug- 
gested: 


(i) developers proposals; 
(ii) description of the local area; 


(iii) potential impacts; 
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(iv) mitigating actions; 
(v) effects of existing trends; 
(vi) consultations and objections. 


The first section includes more than a simple 
description of the development, providing in- 
formation about the developer, his reasons for 
selecting the site, other sites considered, infra- 
structure and emergency service requirements. 
The description of the local area provides the 
baseline information from which changes in the 
environment are predicted and may subse- 
quently be measured. The remaining sections 
present the results of analysis of likely impacts 
of the development and predictions for the 
future of the area should the development not 
take place. This framework has been drawn up 
for use within the present UK planning system 
and provides for inclusion of all material con- 
siderations for determining planning appli- 
cations. 

In the early 1970s most EISs prepared under 
NEPA concentrated on impacts on the natural 
environment. CEQ guidelines published in 1973 
emphasised the natural environment but 
recommended inclusion of social and economic 
impacts which could be measured quantitat- 
ively [24]. Consequently, EISs usually con- 
tained discussions of demographic changes, 
effects on employment opportunities and the 
financial implications of the project. Less easily 
measured impacts such as effects on community 
cohesion, social relationships and political and 
economic structures were rarely considered. 

One difficulty of introducing social impacts 
into EISs is that techniques for predicting 
social change are less well established than 
those for environmental impact prediction. In 
the field of social change it is necessary to rely 
heavily on the experience and knowledge of 
experts and anticipated impacts may appear to 
be less ‘scientific’ than ecological predictions. 
However, social and economic impacts will 
almost always be significant and may be of 
overriding importance in determining whether 
a development should proceed and an EIS 
benefits from covering them as comprehen- 
sively as possible. 

Methods for impact appraisal serve one or 
more of the following functions: 


(i) to identify impacts, including indirect im- 
pacts; 
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(ii) to provide a framework for structured ap- 
praisal of impacts; 


(iii) to assess the importance of impacts; 


(iv) to present information on the impacts to 
decision-makers and to the public. 


A variety of methods have developed which 
range from simple checklists to complex 
modelling approaches. A common method is 
based on matrices which relate actions in- 
volved in developing the project to com- 
ponents of the environment. Where an action 
is expected to have an impact on a feature of 
the environment the cell in the matrix repre- 
senting the interaction is marked. On the basis 
of a simple interaction matrix of this type, a 
more complex matrix method was developed 
by the US Geological Survey [14]. In this 
matrix scores for the magnitude and impor- 
tance of each impact are inserted in the rele- 
vant cell. 

A limitation of Leopold-type matrices is that 
they cannot be used to identify second and 
higher order interactions [1]. A matrix 
designed by Environment Canada traces in- 
direct impacts using a matrix multiplication 
technique [10]. However, extremely complex 
calculations are required and it is doubtful if 
these are justified by the results [18]. The Leo- 
pold matrix is open to a criticism which can 
be levelled at all methods which assign ordinal 
values to impacts. The scores for importance 
and magnitude are determined subjectively by 
experts and are not comparable between im- 
pacts. Nevertheless, there is a temptation to 
add scores to produce an aggregate impact 
value which leads to a false ‘result’. The use 
of numerical scores disguises the qualitative 
nature of impacts and may remove much of 
the relevant information from the public and 
decision-makers. 

Matrices can be laborious to use because all 
possible interactions have to be checked. But, 
despite their drawbacks, matrices are the most 
widely used methods of impact identification. 
They act as useful aid-memoires for those 
assessing impacts and are a good visual means 
of communicating information about likely im- 
pacts. 

Network analysis and systems diagrams 
have been employed to identify second and 
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higher order impacts. A network developed by 
Sorensen traces the final effect of a develop- 
ment action through a series of ‘condition 
changes’ in environmental parameters [20]. 
This method identifies indirect impacts but 
does not attribute any measure of their relative 
importance. Networks and systems diagrams 
can become complex when applied to projects 
with a large number of impacts and access to 
a computer with an appropriate data base may 
be necessary. The US Forest Service found 
networks useful in assessing forest develop- 
ments [22]. 

In the method developed by PADC, a series 
of linked activities begin with informal discus- 
sions with the developer and end at the final 
decision of the planning authority. Acquisition 
of data on the project, the site and surrounding 
area, consultations and public involvement, 
completion of an impact matrix and appraisal 
of likely impacts precede the production of an 
EIS. The information gained from all these ac- 
tivities contributes to the preparation of the 
EIS which in turn forms the basis of the Major 
Issues Report. The report concentrates on the 
important impacts and provides supporting 
argument for the decision. 


EXPERIENCE OF EIS IN THE US 


Since the passing of NEPA much experience 
of the problems and value of EIS has been 
gained in the US which is relevant to the 
debate about the introduction of an EIS pro- 
cedure in the UK. The lessons cannot be trans- 
lated directly, however, because many of the 
characteristics of EIS in the US arise directly 
from the administrative and legal systems in 
that country. The NEPA procedure also varies 
considerably from any system that would be 
likely to be introduced in the UK. NEPA pro- 
vides that Federal agencies should prepare an 
EIS before proceeding with any major action. 
The body proposing the development is, there- 
fore, also responsible for the EIS. Comparable 
arrangements in the UK would require govern- 
ment departments and statutory undertakers 
such as the Central Electricity Generating 
Board to produce and publicise EISs for major 
developments. The primary purpose of EIS in 
the UK, however, is generally seen to be as 
an aid to planning authorities exercising their 
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development control functions. Bearing in 
mind these differences in the procedure and 
function of EISs in the two countries, a review 
of the experience in the US indicates the bene- 
fits and disadvantages EISs may bring. 

The cost to agencies of compliance with 
NEPA is central to most discussions of EIS. 
CEQ, in reviewing the first 6 years experience 
of NEPA, stated that it was not possible and 
may never be possibie to determine the exact 
costs of EIS preparation [25]. This is princi- 
pally because the intention behind NEPA was 
to integrate environmental appraisal with other 
project planning activities and where this integ- 
ration is achieved it is impossible to isolate EIS 
costs. However, Federal agencies were asked 
by CEQ to estimate expenditure on the prep- 
aration and review of EISs. These estimates 
showed that EIS costs were not high compared 
with the operating budgets of agencies or with 
the cost of major projects. For example, the 
Corps of Engineers spent about $21.0 million 
on EISs in 1974 which was approximately 1.2% 
of its annual budget [25]. A more recent figure 
calculated by the Controller General’s Office 
on the basis of 29 case studies was that the 
average cost of preparing an EIS amounted to 
0.01% of total project costs [21]. The costs of 
EISs have not, therefore, proved to be prohibi- 
tively high compared with other project 
expenses. 

Another view of the cost of EIS is that the 
true price lies in the delay in commencing de- 
velopments. This attitude may have particular 
force in the UK where industrial regeneration 
is a high priority. In 1976 CEQ published aver- 
age times taken to prepare draft EISs. The 
averages varied considerably from as little as 
3 months for the Department of Housing and 
Urban Development to 20 months for the 
Bureau of Land Management. More detailed 
information from the US Atomic Energy Com- 
mission shows that the average time taken to 
complete a draft EIS was 8} months or. 420 
man days. The period could be reduced by in- 
creasing the staff; the minimum time taken was 
5 months or 640 man days [12]. In the early 
years following enactment of NEPA, EIS 
gained a reputation for creating very long 
delays. This was mainly due to the large back- 
log of projects for which EISs were required 
because the provisions of the Act applied 
retrospectively. As the backlog was cleared and 
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experience in the preparation of EISs was 
acquired, the delays were reduced. 

A source of delay has been litigation arising 
out of NEPA. During the 5 years 1970-75 ap- 
proximately 5% of EISs were challenged in the 
courts. In the UK, the courts do not become 
involved in the merits of planning matters; an 
objector to a planning decision has recourse 
to the courts only on a point of law and cannot 
challenge the decision itself. Criticisms of 
NEPA based on the amount of litigation it 
generated are not directly applicable to the 
UK. Public concern about environmental 
issues in the US may have found expression 
in lengthy court actions attempting to block 
controversial developments even if NEPA had 
not been enacted. 

There is no simple way of judging the effec- 
tiveness of NEPA in reducing the harmful en- 
vironmental effects of Federal actions. Few 
projects have been abandoned because an EIS 
demonstrated that they would be environmen- 
tally deleterious [18]. Where environmental 
appraisal is integrated with other project plan- 
ning activities, the development may be modi- 
fied to take account of environmental consider- 
ations before an EIS is prepared. It has been 
suggested that in many cases environmental 


factors uncovered in the course of preparing 
EISs have caused the projects to be altered 
[15]. As Federal agencies are responsible for 


originating developments, undertaking en- 
vironmental appraisals and deciding whether 
developments should proceed, there is no 
external agency to ensure that decision-makers 
make full use of EISs. The influence of EISs 
on the internal decision-making of an agency 
is difficult to measure. The Environmental Pro- 
tection Agency is currently investigating the 
effectiveness of its own EISs and holds the view 
that the only meaningful way to evaluate EISs 
is by in-depth case studies [7]. 

An indirect but possibly very significant 
effect of NEPA is the raising of environmental 
awareness of agency staff and the public. The 
knowledge that an EIS will be required before 
a project may proceed means that environmen- 
tal factors, even when they are not explicitly 
considered, are always in the background of 
project planning. Ecologists and other environ- 
mental specialists employed to complete EISs 
may affect attitudes within agencies; the Corps 
of Engineers, for example, employs more than 
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197 environmentalists assigned entirely to 
NEPA activities [16]. 

The purpose of NEPA is to ensure that 
Federal agencies carry out their functions with 
minimum adverse effects on the environment; 
the EIS procedure is a means to this end. The 
value of EIS lies both in its direct and indirect 
influences on decision-makers. EIS has been 
criticised as having become a matter of expen- 
sive routine often producing lengthy and dull 
documents [11]. Defenders of NEPA claim 
that while such criticisms may be justified, they 
reflect the misuse of the procedure and not the 
shortcomings of the Act itself [5]. Problems 
of cost and delay associated with EISs in the 
US which have created some resistance to the 
introduction of EIS in the UK, appear to have 
been exaggerated. These problems are conse- 
quences of the political and judicial systems 
in the US and may be avoided in the UK. 


INDUSTRIALISTS’ ATTITUDES 
TO EIS 


Although the main purpose of EIS is to pre- 
vent developments taking place which would 
unacceptably harm the environment, some in- 
dustrialists have found that EIS can serve their 
interests. In a recent interview Jack Birks, the 
Managing Director of BP, stated that “One 
thing we have learned from our international 
experience is the value of the EIS, anticipating 
well ahead of the activity what the environ- 
mental consequences might be”. He went on 
to say that an early Shetland EIS was invalu- 
able in enabling BP to proceed with the Sullom 
Voe oil terminal [2]. 

BP has an internal formal system of EIS for 
all major new developments. An EIS is pre- 
pared by the associate or subsidiary company 
proposing the development and submitted to 
the Group’s Central Environmental Control 
Centre. Endorsement by the Environmental 
Control Centre is required for any planned 
capital investment of more than £5m. It is 
claimed that environmental considerations are 
taken into account at every stage of design of 
a major development and in advance of a plai- 
ning application being made. BP benefits from 
speedier processing of planning applications, 
from avoidance of unnecessary conflicts on 
conservation grounds, and from the reduced 
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risk of delay or disruption arising from lengthy 
and costly public hearings [3]. 

The British Gas Industry has also found EIS 
to be a valuable tool in project planning and 
has developed a number of methods of ap- 
praisal, particularly concentrating on visual 
impact analysis. Frank Deans, Chief Environ- 
mental Planning Officer of the British Gas 
Corporation accepts that the preparation of an 
EIS is a time consuming and expensive oper- 
ation but believes that it produces significant 
advantages. “Firstly, it is unquestionable that 
in the end, a much better designed and sited 
installation will result and this will have a long 
term financial advantage. Secondly, the in- 
creasing awareness of the general public of the 
need for care and protection of the environ- 
ment and the growing practice of planning 
authorities of involving the public in the deci- 
sion-making process could and does lead to 
serious delays in obtaining the necessary con- 
sents. If an environmental impact analysis has 
been carried out, it will demonstrate to all that 
the decision to develop at a certain place and 
in a certain manner has not been lightly taken 
and this should reduce the overall time for the 
project to be completed, with a consequent 
saving in costs” [8]. 

Both BP and British Gas recognise the value 
of EIS as an inseparable part of project plan- 
ning which ensures that environmental factors 
are given full weight. By integrating the en- 
vironmental considerations at the outset, 
objections and delays at later stages may be 
avoided. The preparation of an EIS by a plan- 
ning authority on receipt of a planning appli- 
cation serves a different purpose of informing 
decision-makers and the public. Nevertheless, 
the same advantages of undertaking a compre- 
hensive appraisal as early as possible to pre- 
empt later delays apply. An EIS may reveal 
an adverse impact that can be avoided by 
modifying the proposal but which were it not 
to come to light until a later stage, perhaps 
at a public inquiry, would cause significant 
delays. 


THE FUTURE OF EIS 
IN THE UK 


Informal use of EIS has been made by devel- 
opers, planning authorities and by UK central 
gov. rnment but disagreement remains about 


the introduction of a formal EIS system. One 
argument which is made against the introduc- 
tion of such a system is that it is not needed. It 
is suggested that countries without comprehen- 
sive planning controls require special safe- 
guards against possible detrimental effects of 
major developments but that in the UK such 
safeguards already exist. UK planning and pol- 
lution controls combine to provide a very 
thorough system of authorisations for major 
developments. Nevertheless, there is a body of 
opinion which holds that the introduction of 
EIS would strengthen and improve control 
[6, 9]. Support for the introduction of a system 
of EIS has broadened in the last year or two, 
largely because of doubt about the ability of 
established planning procedures to deal with 
exceptional developments such as the proposal 
to expand reprocessing of nuclear fuels at 
Windscale. The value of EIS to provide 
thorough appraisal of all aspects of major pro- 
posals beyond the narrow planning issues has 
been recognised by professional bodies such as 
the Institute of Civil Engineers and the Town 
and Country Planning Association. 

The flexibility of the UK planning and pollu- 
tion control system which is its strength pro- 
vides an argument for the introduction of EIS. 
Appraisal of a planning application may be as 
rigorous or as cursory as the planning author- 
ity considers necessary as long as all material 
considerations are taken into account in reach- 
ing the decision. An EIS system would ensure 
a degree of consistency of treatment of the few 
most significant projects throughout the 
country. 

Discussions about the role of EIS in the UK 
have been given added impetus by the prep- 
aration of a preliminary draft directive by the 
European Commission proposing a mandatory 
system of EIS for all member states. The pre- 
liminary draft directive is based on the recom- 
mendations of consultants appointed by the 
Commission [13]. It proposes that authorisa- 
tions or approvals for development projects 
which are likely to have a significant impact on 
the environment should be preceded by an EIS. 
A list of types of projects which will be subject 
to EIS procedure is included. The draft is now 
being discussed by member state governments 
and may be altered considerably before being 
adopted. It seems likely that government 
departments who sponsor major developments 
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such as energy undertakings, will be wary of 
additional control which may complicate and 
delay authorising procedures. Member states 
with well established land use planning systems 
may fear that a compulsory Community EIS 
process will not integrate well with existing 
arrangements. 

Despite the cautious attitude of the govern- 
ment towards EIS it appears likely that it will 
become a feature of the UK planning system 
in the next few years. A number of developers 
and professional organisations accept that 
major developments with far-reaching environ- 
mental effects require rigorous appraisal which 
can best be accomplished by an EIS. EIS may 
be introduced informally on a wider scale than 
at present without any changes to planning 
legislation. The initiative of the European 
Commission may, however, result in the formal 
adoption of EIS. EIS would strengthen land- 
use planning controls in the UK by providing 
a procedure for dealing with exceptional devel- 
opments which could not have been foreseen 
in 1947 when the planning system was estab- 
lished. 


CONCLUSIONS 


With increasing public interest in environ- 
mental protection, the impact of a proposed 
development on the environment has become 
a significant factor in determining whether or 
not it will succeed. Projects which are expected 
to have a detrimental effect may be delayed 
by objections and in the end may have to be 
abandoned. The need for more information 
about the effects of major installations on the 
environment has led to the development of 
procedures of impact appraisal. EIS may be 
used by authorising or funding agencies to 
determine whether developments should pro- 
ceed. In these circumstances the appraisal 
would be undertaken when the planning of the 
project is well advanced. EIS also has a role 
earlier in the project planning process when 
used by developers to ensure that environmen- 
tal issues are considered at an early stage. The 
image of EIS as a slow, bureaucratic procedure 
is largely based on the years immediately fol- 
lowing the implementation of NEPA in the 
US. As experience has been gained in the US 
and elsewhere, the value of EIS as a planning 
tool has been recognised. In response to 
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demands for more effective assessment of 
major developments, EIS is likely to play an 
increasingly important role in the UK planning 
system. 
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This paper surveys the use of economic appraisal techniques in the field of transportation. After 
surveying the history of such approaches, a critical assessment is offered of the most recent contribu- 
tions to the debate, centering on the 1977 Leitch Report. The limited room for manoeuvre in making 
local assessments is highlighted: national policy considerations are seen as frequently dominating the 
local choice. While most of the debate on the ‘inadequacies’ of cost-benefit have focussed on 
‘intangible’ items, the author argues for a much closer look at the ‘hard’ data on the value of 
time-savings and accident costs. Some of the Leitch committee's proposals are found wanting in this 
respect. In the wider context, a plea is made for the use of common criteria for assessing projects 
throughout the entire transport sector. Only in this way can misallocation of resources be minimised. 


BACKGROUND 


THE EARLIEST paper to which students of the 
use of economic analysis in the transport sector 
are usually referred was published by a French 
engineer, Dupuit, in 1844 [10]. He posed the 
problem of how to value the output of public 
works such as bridges, canals, roads or rail- 
ways which generate a substantial increase in 
the volume of traffic passing between two 
points. To value the increase at the cost of 
transport by the previous method would 
clearly overstate the value of the output, since 
at that rate the traffic did not pass. To value it 
solely at the new cost ignored the fact that 
much of the traffic would be willing to pay 
more than that amount to pass. The solution 
used was to value the traffic at what the user 
was willing to pay to use the facility, as 
measured by the area under the demand curve 
for the facility in question, (Fig. 1). The founda- 
tions of the technique of economic appraisal 
of transport projects as in use today had been 
laid. 

It took a long time to move from this begin- 
ning to the widespread use of the technique 
in practice. In the US, cost-benefit analysis 
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came to be used to examining water resource 
projects in the 1930's, but it was developed 
along pragmatic lines without much thought 
being given to the theoretical background. In 
the UK, the pioneering studies were those of 
the M1 motorway [3] and the Victoria Line 
Underground railway [12]. From the MI 
study approach was developed the methodo- 
logy for the first use of the technique on a regu- 
lar basis for evaluating trunk road proposals 
[8]. This approach was further refined and 
computerised in the form of the COBA pro- 
gramme in use today [16, ch. 4]. Following on 
the Victoria Line study, the technique began 
to be used in the evaluation of public transport 
proposals where these were believed to confer 
substantial benefits on persons other than users 
of the system (mainly continuing road users, 
who benefitted from a reduction in congestion 
brought about by diversion of some motorists 
to public transport). In the White Paper on 
Transport in London [5, Appendix J], a shortcut 
method of evaluation of such schemes was put 
forward, and this was the basis of the evalua- 
tion of a number of schemes in the years 1968 

74, for which operators were applying for infra- 
structure grants under the 1968 Transport Act. 
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Fic. 1. The basic framework of user benefit estimation. 


In the meantime, the major British conurba- 
tions were subjected to comprehensive land- 
use/transportation studies, designed to forecast 
and aid planning 20-30 years ahead. This 
approach was pioneered in the US and initially 
took the form of producing a set of forecasts 
for the design year, and designing a network 
to cater for this traffic, with little or no atten- 
tion to economic appraisal [19]. Gradually, 
techniques were formulated for the economic 
appraisal of the alternative networks tested, 
until by the time of the Greater London Devel- 
opment Plan public hearing, these techniques 
were the subject of fairly sophisticated econo- 
mic debate [14]. 

Up to this point, progress in the story has 
been essentially one way, the gradual spread 
and refinement of the use of economic ap- 
praisal in transportation analysis. In the last 
few years, however, there has been a growing 
disillusion in some quarters with the whole 
approach. In part, this arises from a suspicion 
that existing techniques can be, and are, mani- 
pulated to give whatever answer the body in 
question wants, and partly from a belief that 
with the best will in the world, the methodo- 
logy cannot cope with the kind of problems 
that are involved in transport decision taking 
today. The turning point is often suggested to 
have come with the publication of the report 
into the siting of the Third London Airport 
in 1970. This study, costing more than a mil- 
lion pounds, was certainly the largest ever un- 
dertaken into a single transport project in this 
country. It aroused widespread disagreement 


as to the appropriateness of the methodology 
[20, 23], and the recommendation of the Com- 
mission of Inquiry was over-turned by the 
government. Whilst the latter in itself is no 
great criticism of the study (the study may have 
yielded the right information, but the govern- 
ment may have weighed it differently in taking 
the final decision, or the government may 
simply have taken the decision on political 
grounds not encompassed by economic ap- 
praisal), the former criticisms are a great deal 
more serious. 

At the same time, objectors to new road pro- 
posals at public enquiries were beginning to 
examine Official appraisals of the schemes more 
closely, and to conclude that all was not well 
there either. In the first place, the traffic fore- 
casts which justified a large increase in capacity 

.On many routes, and which were based on a 
simplistic approach to forecasting growth in 
car ownership, were questioned [1]. Secondly, 
the examination of alternatives (alternative 
routes and capacities for new roads, ways of 
relieving pressure for the road by improvement 
of public transport) was often thought to be 
inadequate. But thirdly, and perhaps most 
damaging of all, the techniques of appraisal 
were felt to place far too much weight on quan- 
tifiable, but not necessarily terribly important, 
time savings whilst giving little consideration 
to the quality of the environment in the area 
concerned. 

It was this position which led the govern- 
ment to set up, in December 1976, an Advisory 
Committee on Trunk Road Assessment, whose 
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terms of reference were to review techniques 
of traffic forecasting, appraisal of trunk roads 
(taking into account both economic and en- 
vironmental factors) and the problem of com- 
parability of investment techniques between 
modes. This Committee (the Leitch Com- 
mittee) reported in October, 1977 [18]. Whilst 
it considered that the appraisal techniques used 
by the Department were basically sound as far 
as they went, it made a number of important 
recommendations. Firstly, it considered the 
existing approach to be unbalanced and sug- 
gested a framework within which environmen- 
tal and distributional factors should be con- 
sidered alongside the existing economic factors. 
Secondly, it believed that existing techniques 
of traffic forecasting should be sensitive to 
alternative policies and that the range of uncer- 
tainty in the forecasts should be explored more 
fully. Thirdly, it believed that there was a need 
for further efforts to ensure compatibility 
between national and local roads programmes, 
and that strategic and policy studies should be 
undertaken to compare the cost-benefit rates 
of return on projects on alternative modes. 

The aim of this paper is to consider the main 
issues regarding appraisal methodology which 
were the subject of debate before the Leitch 
Committee, and to comment on the conclu- 
sions of that Committee. Firstly, we consider 
the context within which transport appraisal 
takes place. Then we discuss the basic tech- 
nique of economic appraisal, as used in COBA. 
The next section of the paper considers the 
problem of bringing this together with the 
broader environmental aspects of appraisal. 
Following this, the problem of comparability 
between modes is discussed. Finally, we con- 
sider some problems specific to urban appli- 
cations, which were outside the terms of refer- 
ence of the Leitch Committee. 


THE CONTEXT OF TRANSPORT 
APPRAISAL 


Before discussing the techniques of transport 
appraisal themselves, it is essential to pay some 
attention to the context within which they are 
used. Transport appraisal may be used:- 


(a) For strategic decision-taking—for instance, 
determining the level of the road construc- 
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tion programme, the size of the rail 
network etc. 


(b) For determining whether a_ particular 
scheme is worth including in the pro- 
gramme as passing a cut-off rate of return, 
given the size and scope of the overall pro- 
gramme. 


For choosing between mutually exclusive 
schemes. (Schemes may be mutually exclu- 
sive on technical grounds—for instance, 
alternative routes for a single by-pass—or 
on financial grounds, given a budget con- 
straint). 


It is also necessary to take note of which 
body is undertaking the appraisal. This may 
be:- 


(i) Central government, considering a scheme 
it will finance directly or by grants or 
loans (trunk roads, national rail invest- 
ment). 


(ii) Local government (local roads, restraint 
policies, bus services, rail services in the 
main conurbations). 


(iii) Operators (British Rail, National Bus 
Company). 


Firstly, regarding the type of appraisal at 
hand. It is generally the case that (c), choosing 
between mutually exclusive schemes is much 
easier than (b), determining whether a particu- 
lar scheme is worthwhile, which is in turn 
easier than (a), the strategic level. For in deci- 
sions of type (c), the overall strategy is fixed, 
and one can focus on alternative ways of 
achieving that strategy. It is necessary only to 
consider differences in impact of the various 
schemes under consideration; their absolute 
value is not in question. Type (b) decisions are 
more difficult, requiring some judgement of the 
absolute worth of the project in question. Type 
(a) decisions are the most important and most 
difficult of all, and it is suspected that econo- 
mic analysis play relatively little part in their 
determination, although the 1976 Consulation 
Document did state that, subject to various 
constraints, the achievement of reasonably 
equal rates of return at the margin in the trans- 
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port sectors for which the Department is re- 
sponsible, remains a guiding principle [9]. 

Some illustrations here may be worthwhile. 
The kind of road appraisal that is made avail- 
able at a public inquiry into a particular road 
scheme usually refers to the desirability of a 
particular relatively short stretch of new road 
given an overall rate of growth of car owner- 
ship and road traffic, given a strategy regarding 
investment in this and competing modes and 
usually given a decision (assumed or already 
taken) to build or to upgrade adjacent portions 
of the same route. Or to turn to rail invest- 
ment, around 90% of which is dominated by 
the need to replace worn-out assets (although 
there is usually an element of ‘betterment’ 
about the new asset), there is often little room 
to manoeuvre once the strategic decisions 
about the future size of the network and the 
nature of services to be run have been taken. 
For instance, a particular resignalling scheme 
will usually include junctions of importance for 
one or more major trunk routes, and if these 
are to remain open it is usually the case that 
some action is essential. Appraisal, then, is con- 
fined to decisions of type (c) (e.g. number and 
location of signal-boxes, degree of track 
rationalisation to pursue). 

The conclusion is, then, that whilst this sort 
of appraisal is undoubtedly necessary, the 
really important decisions have already been 
taken at a higher level. This is the reason for 
much of the discontent with the public inquiry 
system—from the point of view of the govern- 
ment, public inquiries are held to consider 
alternative ways of pursuing the same end (e.g. 
alternative routes for a new road), not to con- 
sider the absolute desirability of the new road 
and the merits of the strategy of which it forms 
a part. Indeed, until recently, discussion of the 
need for the new road was not even permitted 
at a public inquiry. 

A similar issue arises regarding car owner- 
ship and traffic levels. It is not likely that the 
decision on an individual road scheme would 
have much influence on these variables. But 
recent evidence does. suggest that government 
policy overall may play an important part. 
Thus, whilst the official forecasts of car owner- 
ships in the past have assumed that the entire 
nation is progressing over time along a logistic 
curve towards a single saturation level of cars 
per head, with income and the real cost of 
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motoring playing a minor part [24] new evi- 
dence ascribes the rise in car ownership to two 
variables, increases in real income and reduc- 
tions in the cost of motoring [2]. 

Clearly, the latter is susceptible to govern- 
ment action (much of the reduction in the real 
cost of motoring in the 1960’s was due to the 
reduction in purchase tax on new cars). Since 
the elasticities are found to be equal, it appears 
that the effect of a rise in real income could 
be entirely offset by an equal rise in the real 
cost of motoring. Moreover, car ownership at 
a given level of income varies greatly between 
locations, according to such factors as popula- 
tion density and the quality of public transport 
available [11,13]. Again, planning and trans- 
port decisions appear to have a potentially sig- 
nificant role to play. If this is true of car owner- 
ship, it is likely to be even more true of car 
use. Yet, official forecasts have in the past 
simply assumed that the additional cars (even 
when second cars) will run the same average 
mileage per year as existing cars. 

The second issue we raised in this section 
was that of the body for which the appraisal 
is undertaken. If for Central government, one 
would hope that it would be a comprehensive 
cost-benefit analysis, examining affects on all 
parties (although one would in general hope, 
in vain, for effects other than those on road 
users and the immediately affected population 
to be studied—for instance, effects on public 
transport operators). If for local government or 
for an operator, it would be unreasonable to 
expect the appraisal to take this form. Local 
government is answerable to its ratepayers, not 
to the population of the country as a whole. It 
therefore naturally tends to put their interests 
first. There are many examples of the implica- 
tions of this for transport appraisal. For in- 
stance, a scheme which benefits travellers from 
elsewhere at the expense of the local popula- 
tion is in general unlikely to prove popular. On 
the other hand, attraction of shoppers, office 
workers and jobs from elsewhere is likely to 
appeal to the local authority both for reasons 
of rate revenue and—in times of general un- 
employment in particular—in preventing the 
social problems of unemployment. Such factors 
may appear to the local authority as benefits of 
improved transport, even if the effect is solely 
to relocate the facilities from elsewhere (and 
possibly from more needy locations). 
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For the transport operator, the range of 
costs and benefits for consideration is different 
again. At the forefront of his decision-taking 
is the financial objective he is set. Subject to 
achievement of this, he may have other objec- 
tives (for instance, maximisation of traffic in 
terms of passenger miles has been formally set 
as an objective for London Transport, and is 
undoubtedly influential with other transport 
operators). But no transport operator conducts 
his business with reference to the results of 
comprehensive cost-benefit analyses, (although 
these may be conducted on certain individual 
projects, particularly where application for 
government grants is involved). 


THE TECHNIQUE 


The basic comparison involved in the econo- 
mic appraisal of transport in the trade-off of 
capital expenditure against time savings, acci- 
dent savings and changes in vehicle operating 
costs. As will be seen from Table 1, on average 
80% of the benefits of a scheme evaluated by 
COBA take the form of time savings, whilst 
20% take that of accident costs. Changes in 
vehicle operating costs are not usually signifi- 
cant. 


These are generally taken to be the ‘hard’ 
economic benefits of schemes. Nevertheless, 
there is still considerable debate about just 
how firm these benefits really are. Firstly, 
working time savings are valued at the wage 


rate plus labour-related overheads. The 
assumption necessary for this to represent the 
financial benefits to the employer is that the 
time savings are utilised either to increase pro- 
duction proportionately or to displace other 
labour. To what extent this does take place, 


TABLE 1. BENEFITS FROM A ROAD IMPROVEMENT SCHEME ON 
AVERAGE 





Accident savings 

Vehicle operated cost savings 
Working time savings: 

Cars 

Light goods vehicles 

Heavy goods vehicles 

Buses 
Non-working time savings: 

Cars 

Buses 


Total 





Source [9], Vol. 2, Page 99. 
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as opposed to the time simply being taken as 
leisure, particularly for business car users who 
do not in any case work fixed hours, seems 
to be grossly under-researched. But even if the 
time is productively employed, for the financial 
savings to the firm to represent social benefits 
requires the further assumptions that labour is 
paid the value of its marginal social product 
and that any labour released is re-employed 
elsewhere. 

Regarding non-working time savings, there 
is at least some empirical evidence that persons 
value journey time savings at approximately 
one-quarter of their wage rate, based on obser- 
vations of behaviour where a choice exists 
between one mode of transport and another 
which is slower and cheaper [16]. Most of the 
case studies are based on the urban journey 
to work, however, and there is little evidence 
on how this valuation varies with journey pur- 
pose and trip length. 

The third significant factor is accident cost 
savings. The bulk of the value imputed here 
reflects the loss of output of those injured and 
killed, which is valued at the wage rate. Again, 
this requires the assumption that wages are 
reasonable measures of marginal productivity. 
In any event, when an individual is killed, 
society loses his output, but at the same time 
has reduced demands placed upon it for con- 
sumption goods, investment and government 
spending. From the point of view of the rest 
of society, whether there is a net economic gain 
depends on the balance of these factors, which 
in turn depends greatly on the age and ability 
of the person killed. From the point of view 
of the person killed, there is of course a loss 
of consumption, but it seems somewhat extra- 
ordinary to treat this as part of the cost of 
being killed as is the case in the current pro- 
cedure! 

What is more important, however, is the 
value placed upon pain, grief and suffering and 
loss of life per se. There is no obvious market 
in which these can be valued, and one would 
doubt whether the average member of the pub- 
lic would see these as factors for which he 
could express the necessary monetary compen- 
sation. In practice, the decision on this valua- 
tion is largely political. 

Thus we see that great doubt surrounds even 
those factors measured as ‘economic effects’ of 
schemes. No attempts have been made to place 
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confidence intervals on these valuations, but if 
they were it is hard to see the 95% confidence 
interval being less than +50°. Nevertheless, 
whilst recognising the need for more evidence, 
the Leitch Committee was largely satisfied with 
this part of the appraisal procedure, and con- 
fined its recommendations to two significant 
changes. Firstly, pending further study, the 
value attached to pain, grief and suffering in 
the evaluation should be increased by 50%. 
Secondly, the common value of leisure time 
savings, the equity value of time, should be re- 
placed by a value related to the income of the 
recipient, so that the value of savings to higher 
income groups and in wealthier parts of the 
country will receive proportionately more 
weight. 

The first of these proposals appeared to 
express the widespread public concern that 
these factors were given too little weight in the 
appraisal. The second is more controversial. 
On the one hand, it makes valuation of this 
element consistent with valuation of the other 
elements in the appraisal, (previously, for in- 
stance, a low income person may be taken in 
the appraisal to prefer a fast, expensive service 
in circumstances in which he would really 
prefer a slow cheap one). On the other hand, 
it removed the only attempt to prevent the 
analysis giving more weight to a_person’s 
views, the richer he is. Had there been an 
attempt to allow for the distribution effects of 
transport investment more systematically in 
another way, the change would have been wel- 
come. But the analysis by incidence groups 
recommended elsewhere in the Leitch report 
only partly does this, since the groups are not 
chosen specifically according to their incomes. 
As it is, the fear is that even less emphasis will 
be placed on distributive effects in future. In 
view of the evidence that transport investment 
has systematically tended to redistribute in- 
come from poor to rich, this is disturbing [7]. 


ENVIRONMENTAL EFFECTS 


The treatment of the environmental effects 
of road schemes is important in respect of all 
the levels of decision-taking referred to above. 
Firstly, the value placed on environmental 
costs and benefits may raise or lower the aver- 
age rate of return on road schemes as a whole, 
and thus influence the case for a bigger or 
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smaller roads programme. Secondly, it may 
change the ranking of schemes within a given 
budget constraint. For instance, a high weight 
to environmental benefits relative to time sav- 
ings may lead to a programme comprised 
almost entirely of modest by-passes rather than 
major new trunk roads. Thirdly, it may change 
the ranking of alternative proposals for a par- 
ticular road scheme. For instance, it is often 
possible to reduce the environmental impact 
of a new road by additional expenditure and/or 
more devious routeing. Distinction between 
these decision-levels is important, since pro- 
posals which are helpful at one stage of the 
decision process may not be helpful elsewhere. 

The ideal solution, in the eyes of many 
economists, would be to measure and value en- 
vironmental costs and benefits in the same way 
as time savings and accidents are measured 
and valued. Unfortunately, all attempts at 
placing money values derived from consumer 
preference on environmental factors to date 
have involved such unlikely assumptions and 
so much sheer guess work that one can have 
very little faith in them. (For an example of 
this, see [22, Ch. 10] which results were quoted 
in the Consultation Document of 1976). On the 
other hand, these valuations could come from 
the political process, as is the case with the 
valuation attached to pain, grief and suffering. 
Presumably, the failure of such values to 
emerge is indicative of the much more compli- 
cated nature of the problems involved in ana- 
lysing (and, indeed, measuring in physical 
terms) environmental effects. 

The approach of the Leitch Committee to 
this problem is interesting. They set out a 
‘general framework’ of around 80 relevant mea- 
sures of the effects of transport schemes of 
which well over half could be termed broadly 
‘environmental’. A summary of these is given in 
Table 2. Comparison of alternatives is appar- 
ently to proceed by a process of pairwise com- 
parisons. Now whilst this level of detail is very 
helpful in terms of taking detailed decisions at 
level (c) (choosing between alternative options 
for the same scheme) it is much less so at 
higher levels of the decision-taking process. 
This is recognised by the Committee in its 
statement that schemes should be given a 
priority rating of 1, 2 or 3 for inclusion in the 
programme. How the 80 or so dimensions of 
appraisal are to be reduced to a simple classifi- 
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TABLE 2. EXAMPLE OF THE LEITCH FRAMEWORK FOR THE ASSESSMENT OF TRUNK ROAD SCHEMES 





Incidence group 


Nature of effect 


No. of measures 
Financial Other 





Road users directly affected 


Accident savings 


| 3 


Comfort and convenience l 


Time savings 


6 


Vehicle operating cost savings 5 


Amenity 
Non road users directly affected 
residential, 
properties 


Demolition or disamenity to owners of 
commercial & 


industrial 


Demolition or disamenity to users of 
schools, churches, public open space 
Landtake, severance and disamenity to 


farmers 


Those concerned with the intrinsic 
value of the area 


Those indirectly affected 


Landscape, scientific & historical value 


(plus verbal discription) 


Sterilisation of natural resources, land 


use planning effects, effects on other 
transport operators 6 


Financial authority 


Total 


(plus verbal description) 


Costs and financial benefits 7 





19 59 





Source derived from [17, pp. 97-100]. 


cation into 3 groups, and how the results can 
be used in considering the overall size of the 
road programme is not spelt out. Clearly, fairly 
sophisticated multiple criterion decision tech- 
niques would be required since no-one could 
hope to weigh subjectively this number of 
items for a large number of schemes. 

As soon as the need to consider such a wide 
range of non-financial measures is accepted, 
any justification for continuing to use arbitrary 
or political monetary valuations for any bene- 
fits loses force. The Leitch Committee went 
halfway towards recognizing this in that its 
‘framework’ includes physical measures of acci- 
dent victims even though the entire effects (in- 
cluding pain, grief and suffering) are suppo- 
sedly included in the money valuations. But 
surely it would be worth reporting also physi- 
cal volumes of time savings, disaggregated by 
trip purpose and journey length. These factors 
could then be weighed against accidents and 
environmental factors without the intervening 
mystique of money. Money values would be 
confined to items bought and sold in the mar- 
ket-place—i.e. primarily capital, maintenance 
and operating costs. 


COMPARABILITY 
The problem of comparability between the 
investment criteria used for different modes of 


transport arises at all three levels specified 
above. Firstly, alternative solutions involving 
different modes may be under consideration in 
the context of a specific problem. Here the 
solution postulated by the Leitch Committee is 
to subject the competing schemes to the same 
form of analysis, using the broader framework 
referred to in the previous section. Secondly, 
projects involving different modes may be com- 
peting for funds out of the same transport bud- 
get. Thirdly, broader strategic issues about the 
long run future of the transport system may be 
involved. ; 

It is clear that economic appraisal can only 
be of use in the latter two decisions if the 
results for different modes are broadly compar- 
able. Thus, even if some projects are subjected 
to financial appraisal for the internal decision- 
taking of a specific undertaking, these results 
need to be translated into a cost-benefit rate 
of return, and combined with other factors 
considered in the broader framework, if they 
are to be input into budgetary allocation and 
strategic decisions. 

The two approaches may be expected to give 
the same answer only where the project at 
hand yields no costs or benefits to parties other 
than the operator concerned. The 1976 Consul- 
tation Document lists the following two cases 
where this may occur (their third example is 
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where, by coincidence, external benefits to one 
group are exactly offset by external costs to 
another):- 


(1) Where there is no change in the price of 
the product and no rationing. The example 
given is that of a pure cost-saving invest- 
ment. One should however, add two reser- 
vations. Firstly, product quality must not 
change. Secondly, if the investment changes 
marginal cost (as opposed to purely affect- 
ing overheads) then whatever the objectives 
of the organisation concerned, a price 
change is likely to result. Thus even pure 
cost-reducing investments often give rise in- 
directly to user benefits. 


(2) Where the change in consumers surplus is 
negligible (e.g. because prices are raised to 
compensate exactly for service quality in- 
crease) or is captured by price discrimi- 
nation. 


Again this example seems to assume an un- 
likely behaviour pattern on the pattern of the 
operator. Even if he is seeking to maximise his 
profits, it is unlikely to be best to raise prices 
to a level which exactly offsets the quality im- 
provement resulting from an investment pro- 
ject. Nor is it possible to recoup the majority 
of the benefits through price discrimination 
(except in freight transport, where negotiations 
with individual customers are the norm). Thus 
we must conclude that generally cost-benefit 
and financial returns on an individual project 
will differ. The Leitch committee examined a 
number of schemes which had been subjected 
to both methods of appraisal and found that 
in all cases examined the cost-benefit return 
was substantially above the financial return but 
with considerable variability in the ratio of the 
two. No single way of converting from one to 
the other could be found [15]. Indeed, it is 
possible for the financial return to exceed the 
cost-benefit return in special cases (e.g. where a 
project diverts traffic from another mode, but 
results in a cost saving that is less than the loss 
of revenue on that mode so that there is a net 
disbenefit to the competing operator to be 
taken into account). 

The conclusion is, therefore, that strategic 
studies need to be undertaken to assess the 
cost-benefit rate of return on marginal schemes 
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normally subjected to financial appraisal (such 
as improvements in inter-city rail services) 
before the Department could be in a position 
to pursue its stated objective of achieving 
reasonably equal rates of return at the margin 
in all the transport sectors. Even this leaves 
open the problems of assessing the wider con- 
siderations in the Leitch general framework. 


CURRENT ISSUES IN URBAN 
TRANSPORT APPRAISAL 


The Leitch report did not explicitly consider 
the problems of urban transport appraisal, 
since these were outside its terms of reference, 
although much of what it said applies here 
too. There are nevertheless some significant 
differences between urgan and inter-urban 
appraisals:- 


(1) Network effects are relatively more impor- 
tant in the urban context, so that it is usual 
to evaluate alternative sets of projects for 
the entire area, rather than to consider 
schemes in isolation. 


(2) Interdependence between modes is also 
usually stronger in urban than inter-urban 
markets, and the case—in terms of conges- 
tion and environmental effects—for deliber- 
ate action to direct traffic between modes 
is stronger. 


For both of these reasons, concentration on 
the strategic level and attention to inter-modal 
effects has been stronger in the urban than in 
the inter-urban sector. Many studies have 
explicitly examined strategies based on rail or 
express bus services as well as the private car, 
and have often concluded that public transport 
based strategies are more desirable overall, 
even though they involve operating at a finan- 
cial deficit. Once again, the 1976 Consultation 
Document suggested a considerable change in 
emphasis. The case for public transport subsi- 
dies in general was questioned, their justifica- 
tion being seen as solely on social grounds (to 
preserve a basic level of service and to help 
those for whom commercial fares cause hard- 
ship). The implication is presumably that pub- 
lic transport orientated strategies could only 
be pursued subject to their being financially 
viable, which would pose a major constraint 
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on the alternatives to be evaluated. On the 
other hand, the likelihood of public transport 
alternatives being viable could be increased by 
the simultaneous tightening of parking controls 
and other traffic restraint measures, and action 
to raise the cost of motoring. 

One of the results of this approach is to 
stress, correctly, the inter-relationship between 
pricing policies, traffic restraint and investment 
appraisal. The measured benefit of a particular 
investment to relieve congestion will generally 
be higher, the less use has been made of alter- 
native management techniques to deal with the 
problem. To this extent, investment and sys- 
tems management techniques are partial sub- 
stitutes for each other. However, it also should 
be borne in mind that some of the benefits of a 
public transport system may be dissipated by 
inappropriate pricing (e.g. Beesley and Foster, 
in [4], suggest that the benefits of the construc- 
tion of the Victorian Line were substantially 
reduced by subsequent pricing decisions). The 
Consultation Document apparently discounts 
the idea that public transport prices can in- 
fluence modal split. It also fails to appreciate 
that public transport pricing decisions may be 
evaluated in much the same way as investment 
decisions, and that in such an evaluation a 
large part of the financial effect of a change in 
fares represents a transfer between parties, 
rather than a net cost or benefit. For instance, 
a study of the consequences of making public 
transport free in the city of Boston concluded 
that this would involve a financial disbenefit of 
around $75 m [17]. Of this, some $70 m con- 
sisted of lost revenue (a transfer payment) and 
only $8.6m was due to the cost of carrying 
additional traffic. Even this would be partly 
offset by a saving of $3.5 m in fare collection 
costs. Thus the real resource cost of the policy 
would be around $5 m, and against this must 
be set the benefits of increased public transport 
use. Again, there is clearly a big . difference 
between the results of cost-benefit and finan- 
cial appraisals. 


CONCLUSION 


This survey of the use of economic appraisal 
in transportation analysis has, of necessity been 
extremely limited in scope. It has concentrated 
on recent debates in the UK, as presented in 
the Consultation Document and the Leitch 
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Report. Even so, it has not been possible to 
be comprehensive, much of the valuable work 
of the latter committee, for instance on sensi- 
tivity testing and international comparisons, 
has been ignored. Nevertheless, it is hoped that 
a sufficient case has been made for the follow- 
ing three conclusions:- 


(1) Economic appraisal of transport schemes 
can only be a part of a much wider ap- 
praisal. Given this, it is misleading to iso- 
late certain non-market effects and attach 
monetary valuations of dubious reliability 
to them whilst leaving the majority of 
effects in physical terms. 


(2) It is much easier to take these broader non- 
economic effects into consideration at the 
level of comparison of individual schemes 
than at the strategic level. Even so, there 
is no justification for an approach whereby 
strategic decisions are taken on purely 
quantitative evidence and environmental 
factors only taken into account in choosing 
between mutually exclusive schemes. 


(3) The most efficient transport policy will be 
one that allocates any given transport bud- 
get according to a common criterion 
throughout all the sectors of the transport 
industry. Even if this is not regarded as 
feasible, common criteria should be used in 
choosing between’ interdependent or 
mutually exclusive projects from different 
sectors of the industry, and in taking strate- 
gic decisions on the allocation of funds 
between sectors. 


Such an approach to decision-taking is 
within the traditional framework of economic 
appraisal, in stressing identification of costs 
and benefits to interested parties. But it in- 
volves a much broader consideration of costs 
and benefits, and a greatly increased emphasis 
on qualitative factors, than has been usual in 
transport appraisal in the past. Techniques for 
handling this sort of information on a large 
scale, despite the growing interest in goals 
achievement matrix formulations and multiple 
criterion decision techniques, [19], are still 
very much underdeveloped. 
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The growth of the public sector has been accompanied by an increased interest in this sector 
among economists and non-economists alike. Much of this interest has been directed towards 
the overall size of the public sector, and the efficient allocation of resources within the public 
sector has remained comparatively neglected. This paper outlines some of the problems of resource 
allocation facing decision-makers in the public sector, and reviews the actual and potential uses 
of one decision-making tool—programme budgeting—in improving resource allocation. The health 
care sector is chosen to illustrate the technique of programme budgeting, the practical and concep- 
tual problems of implementation, and the limitations as well as the possibilities offered by this 


approach. 


INTRODUCTION 


BETWEEN 1960 and 1975 expenditure in the 
Public Sector in the UK grew from 41% of 
Gross National Product to 58%. In absolute 
terms this represented an increase from 
£9,451m to £54,465m. Expenditure on the 
National Health Service (NHS) has risen over 
the same period from 9.5% of total public 
expenditure to 9.6% [13]. 

In terms of sheer size, therefore, expenditure 
on the NHS is an important part of public 
expenditure, and the management of the NHS 
budget equally important in the context 
of general management and planning in the 
Public Sector. This paper is not concerned with 
the allocation of resources between different 
parts of the Public Sector (health, social ser- 
vices, defence, etc.) but their allocation within 
the health service. A planned allocative frame- 
work for resources is necessary both in the 
health service and in many other areas of the 
public sector because of the non-existence of 
the interplay of economic forces which pre- 
dominate in the private sector. 

A major characteristic of much of the public 
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sector is the absence of a market price mechan- 
ism. Education, social services as well as health 
care, are largely zero-priced at the point of 
consumption. Thus the level of provision of a 
particular good or service must be determined 
without reference to either a conventional 
demand or supply schedule; to a large extent 
demand is supply-determined and rationing 
occurs more through the political process than 
through the price mechanism. 

Indeed in the NHS, the concept of demand 
tends to be replaced by that of ‘need’. Need 
has been defined in several ways [2, 5, 27]. 
Almost always however, such definitions 
embrace the idea of some third party being in- 
volved in the valuation process, thereby at least 
partially removing the more normal assump- 
tion of consumer sovereignty which lies 
behind the concept of demand. For example, 
Cooper [6] suggests that: “*Needs’ are those 
demands which in the opinion of the doctor 
require medical attention. That is, they are an 
expert’s view of our health state”. This need, 
as Williams [38] indicates, is based on the con- 
cept of merit goods (i.e. those goods such as 
compulsory education for children where it is 
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assumed that experts are better placed than in- 
dividual consumers to decide what is in the 
best interests of the individual consumers). 

This is not the place to debate the pros and 
cons of the concept of need. Rather the inten- 
tion is simply, first, to indicate its presence in 
health service planning discussions and 
secondly to draw attention to the potential 
breakdown in health care of the more normal 
concept of demand. Insofar as consumer sover- 
eignty does not apply in the NHS then it 
becomes necessary to provide a framework 
within which judgments by experts (more com- 
monly the medical profession) can be made on 
a rational, explicit basis. 

The pervasiveness of zero-prices in the NHS 
also creates problems on the supply side. Nor- 
mally (i.e. in market situations) prices rise when 
there is shortage which results in more 
resources being attracted into the area. Where 
prices are absent it becomes possible to define 
shortage only in terms of some, almost inevi- 
tably, arbitrary standard of what is required 
or needed. Further on the supply side, the fact 
that so little remuneration of medical practi- 
tioners is based on fees for services, results in 
the possible separation of wage rates from any 
productivity measures. 

Thus on both the demand and supply sides 
zero-pricing at the point of consumption and 
the methods of remuneration in the NHS mean 
that the normal rationing mechanism of the 
market is missing or is at best muted. This is 
not to argue that health services should not 
be provided in the public sector but simply to 
illustrate the need for other mechanisms for 
determining how best to allocate scarce NHS 
resources. (For a discussion of the ‘public 
versus private’ debate in health care see, for 
example [8, 21, 22, 33].) 

Without the decision-making format pro- 
vided by normal market forces some other 
framework needs to be developed to aid expli- 
cit and coherent policy-making. Of course, 
even although it could be argued that such a 
framework has not existed in the NHS and 
that the fundamental aim of the NHS of ‘the 
provision of the best medical care for all’ 
denies the need for choice, there are inevitably 
numerous decisions being made involving 
economic concepts of rationing, trade-offs, and 
implied valuations. Unfortunately many of 
these decisions tend to be made in an ‘ad hoc’ 
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fashion with no explicit acceptance of either 
choice or valuation. Planning then becomes a 
response to past decisions and choices instead 
of decisions and choices being a consequence 
of planning. Because of this, inconsistencies, in- 
efficiencies and inequalities prevail. It is in this 
context that this paper discusses the use of pro- 
gramme budgeting as a technique to assist in 
improving the allocation of resources in the 
National Health Service. 


HISTORY OF PROGRAMME 
BUDGETING 


Programme budgeting is not a new tech- 
nique in public sector decision-making. It 
appeared in its earliest form in 1961 in the US 
Defence Department, having been developed 
by analysts working within the RAND Corpor- 
ation [17,28]. The reason for choosing the 
Defence Department lay in the magnitude of 
its expenditure budget, unease over public con- 
trol of this budget, and the enthusiasm of 
Secretary of Defence McNamara for budget- 
ing reform and control. After a period of ex- 
perimentation in this Department, President 
Johnson recommended the comprehensive in- 
troduction of the technique for all Federal 
Government Departments in 1965. 

The need for reform in many of these depart- 
ments was striking. For instance, the Depart- 
ment of Health Education and Welfare had 
overall responsibility for three important areas 
of government activity, and yet in practice had 
no unified organisational or budgetary system. 
In 1965 42 departments, agencies and bureaux 
were involved in the finance of education 
alone. This made it virtually impossible to esti- 
mate the character, importance, and effective- 
ness of government spending on education. 
The same held true of health care, and as Glen- 
nerster [15] points out, from this position 
“merely to consider all health expenditure 
together would be a considerable advance”. 
Thus, by 1967 the health programme had been 
split into 12 sub-programme headings, and 
expenditure from all government sources 
grouped together under these headings [23]. 

However, it became increasingly apparent 
that the Federal Government was placing un- 
realistically high hopes on the benefits pro- 
gramme budgeting could offer—President 
Johnson referred to ‘identifying national goals 
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with precision’ and attaining them in the most 
cost-effective way possible. The practical diffi- 
culties of measurement of the aims, objectives 
and output of public sector departments were 
neglected, and the inevitable failure to realise 
expectations led to an understandable decline 
in enthusiasm for programme budgeting in the 
USA. (For a critical analysis of American ex- 
perience of programme budgeting, see [35, 36].) 

Given these false hopes and failed expec- 
tations, we should perhaps look to the USA 
for mistakes to avoid rather than for indica- 
tions of the practical usefulness of programme 
budgeting. 

In contrast to the US experience, pro- 
gramme budgeting in the UK began modestly 
and has built on its successes. It made its Bri- 
tish debut in the Department of Education in 
1968 [9], and thereafter began to permeate 
other central government departments. For in- 
stance, in 1970 the Home Office developed a 
programme approach to police expenditure 
[34] to assist planning in individual police 
forces. It regrouped the traditional accounts- 
based expenditure—pay, allowances, premises, 
pensions, etc.—into seven major programmes, 
relating expenditure to programmes such as 
ground cover, crime investigation and control, 
traffic control, etc. 

1970 also saw the introduction of pro- 
gramme budgeting into the Department of 
Health and Social Security (DHSS). The stimu- 
lus for its introduction there was a simple one. 
When poor conditions in a Cardiff hospital for 
mentally handicapped children were revealed 
in the press, the Department undertook to in- 
crease expenditure on this client group, only 
to discover that nobody knew how much was 
actually spent on care of the mentally handi- 
capped! Moreover it did not know if spending 
had been increasing or decreasing, though it 
did possess accurate figures on, for instance, 
expenditure on split peas by hospitals. There 
was clearly a need to regroup expenditure in- 
formation under programme headings. 

Further stimulus to planning and particu- 
larly to programme budgeting came with the 
reorganisation of the health service in 1974. 
Prior to this date the hospital and primary care 
services, although funded centrally under the 
NHS, were separate entities, while the com- 
munity/domiciliary services were the respon- 
sibility of and funded by local government. 
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Certainly in terms of patient management the 
tripartite services interacted and liaised but the 
situation was not conducive to broad resource 
management and planning. This situation was 
rectified in 1974 when the community services 
were embraced by the NHS and their funding 
switched from local to central government. A 
new administrative structure was created by 
Regional, Area and District Authorities in Eng- 
land (and Boards in Scotland); the need for 
greater coordination and consultation was 
explicitly recognised; and the foundations laid 
for increased scope for improved management 
and planning. (For more details of NHS 
organisation and reorganisation see [24].) 

The acceptance of programme budgeting in 
DHSS is now reflected in the administrative 
reorganisation of the Department around 
meaningful programme (i.e. patient care groups 
such as the elderly) planning groups. The pub- 
lication of the priorities documents in England 
[10, 12] reflected the need for guidance to the 
newly created health authorities on planning, 
particularly in the context of the relative priori- 
ties to be given to different care groups, such 
as the mentally ill. These documents also indi- 
cated the central role which programme bud- 
geting was playing in creating a framework for 
assisting in deciding these priorities. In turn 
it then became desirable for planners and deci- 
sion-makers beneath central government level 
to adopt a similar planning approach and a 
number of Health Authorities (in England) and 
Health Boards (in Scotland) are gradually 
beginning to think in terms of introducing pro- 
gramme budgeting into their management 
accountancy systems. 


THE NATIONAL HEALTH SERVICE: 
SOME BACKGROUND THOUGHTS 


Questions of choice and valuation exist 
throughout the public sector, and the public 
provision of health care is no exception. What 
is perhaps exceptional is the reluctance of those 
who influence resource allocation within the 
NHS to accept that these choices have been 
made in the past, are being made at present, 
and will have to be made in the future. 

The origins of this attitude are deeply 
embedded in the ethical and emotional issues 
raised by health care. When the NHS was 
established the central object was to provide 
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the best medical care possible for all. Allied 
to this was the belief that the quality and com- 
prehensiveness of the all caring services sup- 
plied through the NHS would quickly erode 
the pre-existing stock of ill-health, and by in- 
creasing the general level of health would 
reduce demand for health care and hence 
expenditure on health care. 

It is now well known history that events did 
not follow this course. Yet despite clear evi- 
dence that the NHS would—and did—grow at 
a relatively rapid pace through both the fifties 
and the sixties, the initial view of it in terms 
of providing the best at falling cost resulted 


in an unfortunate legacy, based on three key 
factors: 


(i) the apparent lack of willingness to accept 
that choices not only had to be made but 
were being made; 


(ii) the continuation of the view that the place 
to be was always on the technological 
frontier of medicine; and 


(ili) the constant chasing of the ‘best’ in medi- 
cal care. 


This legacy was simply a reluctance to make 
rational choices in health care resource alloca- 
tion and the almost total lack of explicit recog- 
nition of the concept of opportunity cost i.e. 
that pursuing one particular policy meant an 
opportunity forgone in failing to achieve some 
other aim. This legacy more than any other 
is responsible for most of the resource alloca- 
tion problems now built into. the NHS. 

For once the concept of opportunity cost is 
accepted there is nothing which is absolute, 
everything becomes relative. Different objec- 
tives require differential relative values. Rela- 
tive weights have to be attached to different 
outputs. 

As discussed above, the concept of need per- 
vades much of the discussion of planning in 
the NHS. The reluctance on the part of NHS 
managers (and particularly the medical 
managers) to accept not only that resources 
were scarce but also that need was not finite 
led to the view that all need not only could 
be met but should be met. Against such a back- 
ground it is not surprising that issues of expli- 
cit choice in resource allocation in the NHS 


and the related need for planning were slow 
in being recognised. Who needs planning if 
needs are thought to be finite and resources 
infinite? 

In practice the service has tended to operate 
under what can only be described as a form 
of ‘disjointed incrementalism’ [25]—ad hoc 
micro-level decision-making with little or no 
overall planning. Certainly some part of the 
reason for this lies in the diffuse decision-mak- 
ing structure of the NHS and the interactions 
which occur in the decision-making process 
between different levels and different groups. 
Decisions are made and influenced by central 
government, regional authorities, areas, dis- 
tricts, sectors and units; by consultative and 
advisory committees at national and local 
level; by individual clinicians; by local health 
councils and the public at large. This means 
first that there is no single level or group at 
which the ideas of planning should be aimed 
and second that problems arise in integrating 
the roles of the different decision-makers in any 
planning process. 

Not only are the decision-makers or 
‘choosers’ numerous; so also are the choices. 
There are sectoral choices to be made both 
within and between hospital, community, and 
primary care services. There are issues of 
choice related to the different final outputs of 
health care—chronic versus acute, preventive 
versus curative; and there are choices between 
client groups: elderly, children, mental handi- 
capped, etc. and between disease groups: 
cancer, kidney disease, etc. Finally there are 
choices related to equity considerations—equal 
access for different socio-economic groups, the 
location of facilities geographically, etc. 

Given these different levels and natures of 
choice and given the many different groups of 
decision-makers, it becomes clear that some 
form of planning framework is required in 
which to set at least some of these issues of 
choice. It is on programme budgeting that 
much of the onus has been placed for improv- 
ing planning in the NHS. 


PROGRAMME BUDGETING IN THE 
NATIONAL HEALTH SERVICE 


The principle underlying programme bud- 
geting in the NHS is very simple. If decisions 
are to be made about broadly defined health 
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care objectives and priorities then data need 
to be provided in similarly broad terms to 
match the nature of these choices. The simpli- 
city of the concept belies the practical problem 
inherent in health service choices. For instance 
what are the objectives of care of the elderly? 
What relative priorities are to be attached to 
the treatment of cancer compared with the pre- 
vention of heart disease? Ideally we would 
want to relate the resources involved in differ- 
ent programmes to final outputs of pro- 
grammes in terms of clearly defined objectives, 
whether they be reduced mortality, morbidity, 
or increased comfort and care. But while there 
is an expanding interest in several disciplines 
in the measurement of health output (see for 
example [7,14]) measurement of health— 
indeed obtaining an operational definition of 
health—remains a very real problem in any 
evaluation of health services. Even the output 
of reduced mortality raises problems of 
measurement when aggregation has to be made 
of lives saved across, for example, different age 
groups. Changes in health status, when related 
to morbidity, are difficult to quantify, particu- 
larly when different diseases and severities of 
illness have to be compared. It is perhaps not 
surprising that two despairing authors (Lave 
and Seskin [20]), have written that: “The most 
unequivocal measure of health status is 
death”—and even then, as indicated, lives, and 
consequently deaths, may differ! 

Added to this difficulty is the fact that so 
little is known about the production functions 
of health care—i.e. the relationship between 
factors of input to a particular care regime 
(medical and nursing manpower, support ser- 
vices, laboratory tests, etc.) and the outputs in 
terms of improved health (but see, for example, 
[19, 32]). 

The reasons for this are several but perhaps 
the main one is that only in the last decade 
have randomised controlled trials become 
accepted [4]. These trials offer one of the few 
ways of assessing, in quantified terms, what the 
impact or effect of a particular treatment 
regime is. But the majority of treatment 
regimes which comprise health services have 
not been subject to such studies and their quan- 
tified impact is therefore unknown. 

To circumvent these problems it has been 
necessary to use ‘intermediate’ measures of out- 
put. These usually take the form of utilisation 
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or activity data such as discharges, bed utilisa- 
tion, and visits by community services and at- 
tendances at clinics or surgeries. While these 
are perhaps related as much to inputs as to 
outputs, progress can be made with them, par- 
ticularly if the issues of effectiveness are always 
recognised and can be subjectively judged by 
experts. This combination can provide a suffi- 
cient base on which to build the output side 
of the programme budget. 

A few points about the nature of programme 
budgeting are worth emphasising. 

First, since programme budgeting is in- 
tended to provide data relevant for ‘broad 
brush’ planning it is not necessary to present 
precise details in the budgets. Programme bud- 
geting is a planning framework which can in- 
fluence the decision-makers not only to take 
an overview of the health services generally, 
but to take an overview which relates to broad 
health care goals [30]. It is not an evaluative 
technique per se. 

Secondly, the structure of the budgets should 
be output orientated in terms of realistic, even 
if not quantifiable, health care objectives. There 
is no single correct way of structuring the bud- 
gets; indeed, the classification should, vary 
according to the nature of the trade-offs to be 
made. The most likely choices in health care 
are (i) client groups (the elderly, children, men- 
tally ill, etc.); (ii) disease groups (digestive sys- 
tem diseases, neoplasms, etc.); and (iii) geo- 
graphical groupings (for example, the RAWP 
Report [11] was concerned with equity 
between geographical regions and the ‘pro- 
gramme structure’ in this instance was there- 
fore regionally based). Again, if programme 
budgeting is used within an individual pro- 
gramme then appropriate sub-programmes can 
be devised (for example, for maternity these 
could be ante-natal, labour/birth and_post- 
natal). 

Thirdly, the presentation of the programme 
budgeting data takes three forms for three 
related purposes: 


(a) The current deployment of resources across 
the programme heads. This provides a 
‘snapshot’ of how resources are presently 
being devoted to the different groups and 
hence to different objectives. 


(b) Past trends up to the present position. 
These indicate how the programmes got to 
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where they are, the growth paths of 
resources and outputs and, by deduction, 
the extent to which policies in the past have 
affected development. Thus, the study of 
trends gives an opportunity for monitoring 
and, once the programme budgeting 
approach is established, a means of check- 
ing fairly quickly whether what was in- 
tended has been occurring. 


Lastly, future planning. Various scenarios 
related to the different programmes can be 
presented, indicating within the expected 
constraints of future budgeting allocations 
what possible policies might be pursued for 
and between different programmes and 
what the resource and output impacts of 
these are likely to be. 


PROBLEMS OF IMPLEMENTATION OF 
PROGRAMME BUDGETING 


The current accounting system in the Health 
Service is very much related to inputs, i.e. nurs- 
ing salaries, X-ray services, heating and light- 
ing, etc. Indeed the accounting and coding sys- 
tems in the NHS are largely designed for the 
purposes of monitoring input use and control- 
ling expenditure. They are not designed for 
planning purposes. 

This means that in the context of pro- 
gramme budgeting either a new system of 
accounting is required or the existing system 
has to be adapted to allow costs to be allocated 
to programme heads. The first of these could 
well prove to be extremely expensive; and the 
second inevitably means that some precision 
is lost. Against this background it is perhaps 
not surprising that few Health Authorities have 
embarked on serious exercises in programme 
budgeting. 

A second difficulty lies in the fact that the 
output measures available for programme bud- 
geting are less than perfect. Ideally one would 
want to measure the outputs of health services 
in terms of lives saved, reduction in morbidity, 
increased comfort and care, etc. However as 
indicated previously the paucity of available 
data on health status and on production func- 
tions means that in the great majority of health 
care regimes precise measurement of changes 
in health status is not possible and the necess- 
ary information on these production functions 


is not available. Consequently for the present, 
reliance has to be placed on intermediate out- 
puts such as numbers of patients discharged, 
numbers of nurse visits in the community, and 
the effectiveness of different regimes left to the 
judgement of clinicians. The deficiencies in 
these approaches are obvious. Here we have 
a further reason why health care planners may 
have been slow to use programme budgeting 
for planning purposes. 

A further difficulty lies in the fact that deci- 
sion-making in health care is so diffuse both 
in terms of the levels at which different types 
of decisions are made and also in terms of the 
number of different individuals involved in 
decision-making on resource allocation. It is 
perhaps inevitable, against this background 
that individual decision-makers can lose sight 
of the broad objectives and the priorities 
attached to these of health care in general. 

Finally, and perhaps sadly, it has to be 
admitted that the NHS has not shown itself 
particularly willing or enthusiastic about plan- 
ning techniques. This is perhaps a function of 
the fact that the service has been able to 
expand quite considerably from year to year 
and consequently the issue of choice has been 
seen if it has been seen at all in terms of simply 
delaying the implementation of certain desir- 
able policies. If the issues of choice, trade-offs, 
and opportunity costs are not seen, then it is 
perhaps inevitable that the potential value of 
programme budgeting as a planning frame- 
work is understated in the minds of policy 
makers in the NHS. 


EXAMPLES OF PROGRAMME 
BUDGETING IN THE NHS 


The most noteworthy example of pro- 
gramme budgeting in the NHS is that under- 
taken by the DHSS and which formed the 
framework for the priorities documents of the 
1970’s (DHSS [10, 12]). 

The 1976 consultative document outlined a 
strategy for health and local authorites in for- 
mulating their own regional and area plans up 
to 1979/80. The programmes selected were a 
reflection of the fact that both health and local 
authorities were involyed, in that a strict ‘client 
group’ criterion was avoided in favour of a 
grouping of services by major users. Thus, as 





Omega, Vol. 7, No. 5 


the document points out [10, p. 78], all home 
nursing was included in the ‘elderly’ pro- 
gramme, and all health visiting under 
‘children’, although both home nurses and 
health visitors serve a range of clients. This 
approach underlines the ‘broad-brush’ nature 
of programme budgeting. 

For hospital services, expenditure was split 
into in-patients and out-patients and day 
patients; thereafter unit costs were derived per 
bed week and attendance. These unit costs 
were then applied to all bed weeks or attend- 
ances within the specialty grouping to give an 
estimated total expenditure figure. As the docu- 
ment points out, although this allocation is not 
precise, estimates for future years are not very 
sensitive to base year allocation errors. The 
only aggregate effect is that a misallocated sum 
may have a different growth rate applied to 
it. 

Using growth trends within programmes 
from 1970/71—1973/74 it was possible to pro- 
ject from current expenditure levels the likely 
outcome in 1979/80 if spending patterns 
remained unchanged, and to compare this pro- 
jection with the desired outcome in 1979/80. 
Juxtaposing this with data on changing popu- 
lation structure, utilisation rates and activity 
rates, a clear picture of trends within each pro- 
gramme emerged. For instance, the cost of hos- 
pital maternity services had risen by about 4% 
per annum between 1970 and 1973, yet the 
total number of births, of in-patient cases, of 
out-patient attendances, and of beds all fell. 
This suggested that the momentum of past 
expenditure increases had carried on into a 
period of declining utilisation, with consequent 
increases in cost per case. By way of contrast, 
population changes were placing an increasing 
strain on services for the elderly, which could 
not respond without a higher rate of growth 
of expenditure. 

Two points should be drawn from this: first, 
these results do not in themselves suggest that 
‘too much’ was being spent.on maternity ser- 
vices; it may have been an implicit objective 
of planners to raise standards in maternity care 
by maintaining expenditure despite falling utili- 
sation. The information presented simply facili- 
tated decisions about priorities. Secondly, it is 
clear that priorities must respond to demo- 
graphic, social, and epidemiological change, 
and therefore that a programme budgeting 
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exercise must be continually updated and rede- 
fined. 

At a local level, a programme budgeting 
structure was created for one health board in 
Scotland in a very different way [29] and is 
currently the subject of experimentation in 
most health boards in Scotland. The method 
used in this case was simply to attribute past 
expenditures to different programmes (again 
client groups) directly, where this was possible 
(e.g. doctor and nurse salaries) and indirectly 
by apportionment on, for example, an in- 
patient per diem basis for items such as cater- 
ing, where it was not. Again, as in the DHSS 
format, outputs were measured by discharges, 
visits, etc. From past trends in expenditure and 
Outputs it was then possible to extrapolate 
these to create a framework for planning future 
resource allocation. 

At a somewhat different but related level a 
number of studies have been made of disease 
and specialty costs [1, 26,31]. Although these 
have a different purpose, nonetheless in terms 
of improving the methodology for devising 
programme budgets, they are relevant to any 
discussion of the state of the art of programme 
budgeting in the NHS. 


CONCLUSION 


It will be clear from what has been said that 
programme budgeting in the health service 
should be seen as simply a planning framework 
within which broad health objectives and 
priorities can be discussed. It is not in itself 
evaluative. For evaluation it is necessary to 
turn to the techniques of cost-effectiveness and 
cost-benefit analysis. (See for example, 
[3, 16, 18, 37].) 

It will also be clear that while programme 
budgeting can be a useful planning tool in 
health care, the extent to which it is currently 
used in the NHS is limited. Partly this reflects 
the lack of appreciation of the need for rational 
planning in the NHS; but partly it reflects the 
problems involved in implementing it, both in 
terms of the existing accounting system in the 
NHS and in terms of the inherent problems 
surrounding the nature of health and health 
care. Certainly there is a growing awareness 
in the NHS of the necessity for more synoptic 
planning and this has been explicitly recog- 
nised in the reorganised health service in Eng- 
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land. There are also signs that more thought 
is being given to designing accounting systems 
which will be more appropriate for planning 
purposes. Consequently, while programme 
budgeting remains at present underutilised in 
the NHS, there are grounds for believing that 
the next few years will see its being used much 
more widely. 
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Decision-making in defence is complicated by the need to make long-range plans with regard 
to weapons systems and force structures in an. environment marked by great. strategic and techno- 
logical uncertainty. Cost-effectiveness analysis, which is a variant of the general analytical approach, 
is an attempt to clarify and structure defence choice situations. As a method of analysis, it shares 
certain properties of both cost-benefit and operational analysis, and indeed emerged from them 
in response to the unique needs of defence planners. Cost-effectiveness analysis involves a number 
of conceptual and practical problems, but its most difficult challenge is the requirement to exist 
in a political and bureaucratic environment where the system of incentives may not be compatible 
with the notion of economic rationality. However, the recent appearance of competitive cost- 
effectiveness analysis of defence options promises to promote the relevance and applicability of 


this approach. 


INTRODUCTION 


DEFENCE CHOICES are agonizingly difficult. 
In a world of limited resources, the sums 
required to maintain military forces impose 
very real burdens on national economies. Yet, 
in a world of perceived threats, actual confron- 
tation and not infrequent outbreaks of armed 
conflict, defence expenditures seem a prudent 
investment. But what constitutes an appro- 
priate level of such expenditures, and how 
should they be allocated? 

The crucial difficulty is that one is never 
quite sure about the return for the expendi- 
tures. Outlays provide means, but the links 
between means and the ultimate ‘ends of 
defence are obscure, if for no other reason than 
that, in the absence of outright war, the ends 
themselves are obscure. An enormous and per- 
vasive element of uncertainty characterises the 
defence decision-making environment. It 
attaches first of all to the strategic context in 
which decisions will be implemented. 

Decisions can be invalidated by unforeseen 
initiatives of potential opponents, by unex- 
pected reactions of those opponents to one’s 
Own initiatives, and by the actions and reac- 
tions of allies and non-aligned nations. Uncer- 


459 


tainty also attaches to the technological con- 
text. Military forces operate at the frontier of 
technology, which advances at a dizzying rate 
and in unexpected directions. In contrast to the 
rate of strategic and technological change, the 
development and production of advanced wea- 
pons is a time-consuming process. It may take 
ten years or more for systems to go from con- 
cept to operational status; in that time they 
may very well have become inappropriate to 
changed strategic circumstances or obsolete 
relative to the state of the art. At the same 
time, a system’s service life may be 20 or 25 
years; and, because of high and rising replace- 
ment costs, there will be pressure to retain it 
in the inventory for much of that period. 
Current defence decisions can thus have im- 
plications for a nation’s defence posture and 
capabilities some three decades into the future. 
Defence decision-making is therefore about 
long-term planning and about planning in a 
complex, uncertain environment. Like others in 
the public sector defence decisions are inevi- 
tably political choices, dependent upon the 
policy-maker’s judgement. That judgement will 
be a function not only of experience; general 
knowledge and intuition, but also of the quan- 
tity, quality and organisation of available infor- 
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mation about the immediate decision problem. 
While not much can be done about the first 
three variables, the analytical approach to deci- 
sion-making holds that a great deal can be 
done about the information base. It suggests 
that if the decision-maker can explicitly define 
his objectives; if he is aware of the available 
alternatives; if he can recognise the implica- 
tions of these alternatives; and if he can some- 
how compare and rate these implications, then 
better decisions will result. 

Cost-effectiveness analysis is one analytical 
technique that has been widely applied in 
defence decision-making. In fact, it emerged as 
a distinctive analytical method in response to 
defence needs. Its central philosophy is that 
defence decisions are economic decisions in 
that they involve the use of scarce resources 
that have valuable alternative uses. As a result, 
decisions about force structures, weapons sys- 
tems and sub-systems should be made on the 
basis of economic rationality. The following 
sections of this article consider the character- 
istics of cost-effectiveness analysis as a distinct 
analytical approach, its rise as an input to the 
defence decision-making process, some concep- 
tual and practical problems; a final section 
offers an assessment of its contribution and 
future. 


THE ANALYTICAL APPROACH 


A semantic jungle surrounds discussions of 
the analytical approach to decision-making. 
The inclusive term for the general approach 
has been variously given as policy analysis, sys- 
tems analysis and operational research. Specific 
variations have been known as cost-effective- 
ness analysis, systems engineering, and opera- 
tional analysis. In some contexts these terms 
have been used interchangeably; in others they 
denote some subtle distinction. Typically the 
usage depends on the analyst. While several 
authors have attempted to clarify this termin- 
ology, the confusion lingers on [1, pp. 2-12; 
14, pp. 1-5; 12]. For our purposes it will be 
recognised that all analytical approaches in- 
volve common procedures: careful specifica- 
tion of the objective; enumeration of alterna- 
tives; modelling; emphasis on quantitative 
techniques; and explicit treatment of risk and 
uncertainty. However, to place cost-effective- 


ness analysis in perspective and to aid in high- 
lighting its scope, problems and limitations, a 
brief comparison of this approach with the two 
others known generally as cost-benefit analysis 
and operational analysis is useful. 

Cost-benefit analysis is an approach to 
evaluating public sector investments or other 
activities where both the inputs and outputs 
can be assessed, either directly or indirectly, 
in terms of market-established money values. 
It is easiest to think of this approach in terms 
of the analogy of the competitive private sector 
firm which has the single objective of maximis- 
ing profits. To achieve this objective the firm 
will undertake investments and arrange its ac- 
tivities such that the difference between the dis- 
counted present values of its total revenues and 
total costs is a maximum. In its calculus the 
firm will include only those revenues and costs 
which actually accrue to and are borne by it. 

Cost—benefit calculations in the public sector 
differ in terms of the benefits and costs in- 
cluded. Public decision-makers are concerned 
with total (or social) benefits and costs. The cri- 
teria for choosing public projects and activities 
will be analogous to that of the private firm: 
select those which maximise the ‘social profits’, 
the difference between the present values of 
money-evaluated social benefits and money- 
evaluated social costs. 

Operational analysis is an aid to decision- 
making which has been widely applied in 
defence, in other areas of the public sector, and 
in private industry; it is generally acknow- 
ledged to be the approach that is most widely 
used and the most useful [15, p. 22]. It is one 
which, at least in its original meaning, deals 
with a different set of problems from cost- 
benefit analysis: problems in which neither in- 
puts nor outputs are expressed in money 
values. Inputs are usually defined in terms of 
constraints on specific resource inputs—man- 
power, capacity, raw materials, etc. Similarly, 
outputs are measured in physical terms such 
as production, waiting time, and inventory 
levels. The criteria of choice in these problems 
is typically to maximise or minimise output 
subject to the set of input constraints. To solve 
such problems, operational analysts have de- 
veloped an impressive array of techniques, in- 
cluding mathematical programming, queuing 
models, and network analysis; indeed the 
entire operational analysis approach is charac- 
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terised by heavy emphasis on mathematically 
sophisticated models. 

Cost-effectiveness analysis includes elements 
of both cost-benefit analysis and operational 
analysis. Like the former, inputs are defined 
in terms of money or general resources; like 
the latter, outputs are measured (where they 
can be measured at all) in terms of physical 
or other non-monetary units. 

Cost-effectiveness analysis deals with deci- 
sion problems where outputs cannot be evalu- 
ated in money terms. Several areas of govern- 
ment activity approximate this condition— 
including law and order, justice, some aspects 
of education and public health—but defence is 
the classic case. 

Because defence outputs are not marketable, 
costs and benefits are incommensurable and 
hence the criterion of maximising their differ- 
ence is not applicable. The decision-making 
analogy here is therefore not with the profit 
maximising firm; rather it is with the utility- 
maximising consumer. Confronted with a 
money or general resource constraint in the 
form of his income, the consumer is assumed 
to allocate his expenditures so as to maximise 
some concept of well-being or utility, where 
utility is defined as a function of the quantities 
of goods and services consumed. An optimum 
allocation is achieved when the rate at which 
the consumer can substitute between commodi- 
ties is just equal to the rate at which he is 
willing to do so. Market prices determine the 
former rate but the latter is subjectively deter- 
mined in the light of the consumer’s utility 
function. Similarly in defence choices, market- 
established trade-offs among defence inputs— 
manpower, equipment, and supplies—must be 
compared with the substitution possibilities 
offered by some concept of a defence utility 
(or defence effectiveness) function. If this is 
possible, then the criterion for making defence 
choices is to select that combination of inputs 
which, for a given budget, maximises effective- 
ness. An alternative criterion, and one which 
is logically equivalent, is to select that com- 
bination which minimises the cost of attaining 
a desired level of effectiveness. 

The essential difference between cost-effect- 
iveness analysis and operational analysis is the 
difference between their implicit time horizons. 
In the former, sufficient time is available for 
all inputs to be considered variable and substi- 


tutable; hence the appropriate constraint is a 
money or general resource constraint. In oper- 
ational analysis problems, inputs are in the 
form of specific resources because insufficient 
time is available to permit substitution. Thus 
cost-effectiveness analysis is appropriate to 
longer-term resource allocation problems; 
operational analysis is appropriate to short-run 
problems concerning the efficient use of given 
resources. But these distinctions should not be 
overdrawn. Any real world problem is likely 
to include both general and specific con- 
straints. Whether it is then a cost-effectiveness 
problem or an operational analysis problem is 
arbitrary and unimportant. 


THE RISE OF COST-EFFECTIVENESS 
ANALYSIS 


The formal application of cost-effectiveness 
analysis to defence expenditures is a phenom- 
enon of the post-World War II era and has 
been an accepted management approach 
within defence establishments for less than two 
decades. But it is possible to argue that cost- 
effectiveness of one sort or another always been 
done. Since he picked up his first club, man 
has always been fascinated by the effectiveness 
of alternative weapons and alternative ways of 
employing them: some would argue that it has 
been his favourite pastime. Equally, because 
resource constraints are an inescapable and 
enduring fact of life, some notion of costs has 
always shaped his particular choices. Deliber- 
ately and explicitly comparing costs and effec- 
tiveness, however, emerged only in recent 
times, both out of the compelling necessity of 
strategic and technological change and out of 
the intellectual capability for doing so. 

The intellectual lineage of cost-effectiveness 
analysis can be traced through the independent 
developments of cost-benefit analysis and oper- 
ational analysis. Cost—benefit analysis has the 
longer (which is not to say the more legitimate) 
history and that history itself can be traced 
back through both economics and engineering. 
On the economics side, its theoretical roots are 
to be found in nineteenth century develop- 
ments in welfare economics and their later 
refinement. On the engineering side, Eng- 
land [3, p. 2] suggests that cost-benefit analysis 
has antecedents in nineteenth century studies 
of railway location and the later emergence of 
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engineering economics as a field of study. 
However, as Dasgupta and Pearce[2, p. 13] 
point out, it was not until the late 1950s that 
a reasonably integrated body of knowledge 
recognised as cost-benefit analysis could be 
identified. 

Operational analysis originated during the 
early years of World War II when Allied scien- 
tists sought means of adapting tactical pro- 
cedures to technological innovations in mili- 
tary equipment, particularly the efficient use of 
radar in air defence. Their successes in this area 
(and elsewhere) led to the creation of per- 
manent operational research groups. Strictly 
speaking, these were not concerned with ques- 
tions of efficient resource allocation but with 
maximisation of the operational efficiency of 
forces-in-being. In the circumstances, this was 
appropriate: the ultimate aims of the war effort 
were graphically clear, and with the economy 
mobilised for war, the important resource con- 
straints were specific rather than general. But 
the shift from total war to the quasi-peace of 
the Cold War era changed the nature of 
defence choice problems. The planning horizon 
lengthened. Decision problems were related to 
force structures and. equipment rather than to 
immediate operational needs. To complicate 
the situation, the last years of the war had seen 
a quantum jump in military technology, es- 
pecially in the destructive power of weapons 
and in the means of their delivery. Moreover, 
the objectives in maintaining military forces 
became less clear-cut than they had been in 
wartime. Concurrently, as civilian claims on 
the economy were released from wartime re- 
Strictions, defence planners were forced to 
make choices within severely contracted 
resource constraints. The conjuncture of these 
several developments made it clear that new 
ways of thinking about defence problems were 
required. 

The military organisation most directly 
affected by these changed circumstances was 
the United States Air Force; and it was from 
its associated research organisation, the RAND 
Corporation, that these new ways of thinking 
emerged. RAND analysts brought together 
the ideas of cost-benefit analysis and opera- 
tional analysis to produce what can now be 
recognised as cost-effectiveness analysis. This 
development can be traced to one of their 
earliest studies, an analysis of offensive bomber 


requirements, which was done in 1949(11, p. 
2}. In re-examining the conventional tests for 
selecting military aircraft—traditionally con- 
cerned primarily with performance—the 
RAND analysts sought to apply economic cost 
concepts. They found, however, that defence 
accounting data were not structured for such 
purposes. In particular they found it imposs- 
ible to obtain directly any measures of the total 
cost of a weapons system; nor was there avail- 
able any definition of just what comprised a 
total system. Cost data were available only in 
terms of appropriations categories—personnel, 
real estate, materials, etc——and then only on 
a historical basis. Eventually the RAND ana- 
lysts formulated measures of total aircraft cost, 
defining in the process the concept of a total 
weapons system. Among other things, they 
made the important distinction between one- 
time and recurring costs of weapons systems 
and devised a time-phased structuring in terms 
of development, investment, and operating cost 
categories. The effect was to shift attention to 
the full resource implications of selecting a 
weapons system and away from partial 
measures such as initial development costs, 
unit procurement costs, or next year’s budge- 
tary requirement. 

This led naturally to the idea of total mission 
or total programme costs, where a programme 
was identified as a grouping of weapons sys- 
tems having a common mission goal—strategic 
retaliatory forces, general purpose land forces, 
anti-submarine forces, etc——regardless of the 
individual service responsible for them. The 
notion was incorporated in RAND’s proposal 
for the introduction of programme budgeting 
in the U.S. Department of Defense to facilitate 
the more rational allocation of defence 
resources by costing budgetary information in 
categories related to the actual outputs of the 
defence establishment and by portraying the 
time profile of their costs. In short, programme 
budgeting would provide the information in- 
puts required for cost-effectiveness analysis. 

A milestone in the intellectual development 
of cost-effectiveness analysis was the publica- 
tion in 1960 of Charles Hitch and Roland 
McKean’s The Economics of Defense in the 
Nuclear Age[7]. Although now dated, the 
book remains the foundation of defence man- 
agement thinking. Within a year of its publica- 
tion, Hitch was appointed Comptroller under 
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Defense Secretary Robert McNamara and set 
about installing both a programme budgeting 
system and an analytical capability to support 
it. Since that time, programme budgeting and 
cost-effectiveness analysis have been adopted 
throughout the world. Among the early con- 
verts were Britain and Canada, both of whose 
defence ministries were dominated in the 1960s 
by dynamic and reform-minded ministers: 
Denis Healey in Britain, Paul Hellyer in 
Canada. 

In retrospect, the success of the McNamara- 
Hitch innovations is seen to be somewhat 
mixed. They have fundamentally altered at 
least the form of defence decision-making and 
improved the information base upon which 
defence decisions are taken. But in the late 
1960s the analytical approach to defence man- 
agement acquired a somewhat tarnished image. 
One reason was the method of implementation. 
The analytical capability was imposed on the 
D.O.D.’s military—civilian bureaucracy in the 
form of wholesale appointments of young, 
academically-orientated, quantitatively-biased 
analysts. These so-called ‘Whiz Kids’ were 
regarded, particularly by the military, as hav- 
ing an excessive influence on defence policy- 
making, their calculations frequently over-rid- 
ing evaluations based on military experience. 
A second reason was that use of analysis tend- 
ed to centralise decision-making in the office 
of the Secretary and consequently diminished 
the roles of the Joint Chiefs of Staff and the 
service departments. Thirdly, the analytical 
approach appeared to depend for its successful 
application on the personality, abilities and 
particular working habits of McNamara him- 
self. The systematic approach was a personal 
monument to his tenure as Secretary: later in- 
cumbents would build their own monuments 
through different management styles. (For a 
comprehensive review of the changing fortunes 
of systems analysis in the US Department of 
Defence see [16].) Finally, the intensification of 
the Viet Nam War and subsequent American 
frustration seemed to reveal the impotency of 
the analytic approach in an actual conflict situ- 
ation. 

Despite these difficulties (and they must be 
regarded as more than birth pains), cost-effect- 
iveness analysis as an aid to defence decision- 
making has survived not only in the United 
States but elsewhere. (An overview of the use 


of systematic analysis in the UK Ministry of 
Defence is given in [5].) Its initial penetration, 
its role as an agent of traumatic change, 
reaction against it, and finally its absorption 
into the routine of defence decision-making 
[16, ch. 10]. Its prestige may have diminished 
since the mid-1960s, but its acceptability (or 
toleration) has become much more general. In- 
deed, it has become a fixture of management 
in defence and it is seen to be done. Perhaps 
the most telling stamp of approval is the 
apparent interest of the Soviet Union in apply- 
ing the cost-effectiveness approach to its own 
defence problems [8, pp. 45-46; 10]. 


CONCEPTUAL AND PRACTICAL 
PROBLEMS 


One of the significant contributions that cost- 
effectiveness analysis has made to thinking 
about defence problems is clarification of the 
meaning and role of cost concepts in decision- 
making. (The most comprehensive treatment of 
defence cost concepts is given in [4].) It is a 
widespread misapprehension that costs, 
because they can be gauged by the measuring 
rod of money, are more susceptible to measure- 
ment than effectiveness. But a moment’s con- 
sideration reveals that in principle, both are 
equally difficult of measurement. From a deci- 
sion-making point of view, the purpose of 
measuring costs is to evaluate what cannot 
otherwise be done if a particular course of 
action is selected. Costs are therefore measures 
of the effectiveness forgone; costs and effective- 
ness are opposite sides of the same coin. Rigor- 
ously interpreted, the measurement of costs of 
a particular option requires that the alternative 
uses of the resources devoted to that option 
be enumerated and that the alternatives them- 
selves be evaluated. Costs have no meaning 
outside these alternatives. 

For decisions about allocating resources 
among defence activities finding reliable 
measures of opportunity costs is problematical, 
especially where there are constraints on 
specific resources. Some inputs such as man- 
power are fixed in supply to military services 
even though they could be purchased from the 
market sector at prevailing prices. The expan- 
sion of one defence activity at the expense of 
another therefore requires not only the transfer 
of general resources in the form of budgetary 
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appropriations, but specific resources as well. 
In doing his sums the decision-maker will price 
these specific resources at their acquisition 
cost, the cost which represents their oppor- 
tunity cost to the economy, but not their actual 
opportunity costs in alternative military 
employments. The true costs of manpower, for 
example, may be understated to an expanding 
activity if manpower has a higher productivity 
in the declining activities. The result will be 
a misallocation of the scarce manpower 
resource among various defence activities, a 
result which casual observation suggests is all 
too common. The failure to use a pricing sys- 
tem which reflects the opportunity cost of man- 
power within defence may lead to its over- 
employment in activities in which it has rela- 
tively low productivity. A similar misallocation 
of defence resources may occur where the price 
of an existing facility is considered as zero 
when its use involves no monetary cost but 
where the facility has alternative military uses 
and hence a positive opportunity cost. 

A not unrelated problem concerns the appli- 
cation of discounting procedures to defence 
costs. As suggested previously, time is an im- 
portant consideration in comparing alternative 
defence systems. In the absence of discounting, 
alternative systems are compared on the basis 
of total service-life costs. But the alternatives 
are likely to differ in their cost profiles, even 
if total costs are similar: some may require 
high initial outlays for development and pro- 
curement and low down-stream operating costs 
while others require relatively low initial out- 
lays and high operating costs. The comparison 
of differential time-streams of costs requires 
discounting to present values. As_ present 
values are sensitive to the actual rate of dis- 
count chosen, the essential problem is to ascer- 
tain the appropriate rate. The theoretically 
appropriate rate is that which reflects both the 
decision-makers time-preference and his alter- 
native ‘investment’ opportunities. In defence, 
decision-makers’ time-preference and his alter- 
native ‘investment’ opportunities. In defence, 
preferable to forces available in the future. On 
the other hand, defence decision-makers do 
have ‘investment’ opportunities—higher cur- 
rent expenditures on training, maintenance, 
and development may yield subsequent savings 
in operating costs. However, the absence of in- 
ternal capital markets in defence makes the 


determination of an appropriate discount rate 
exceedingly difficult if not impossible. The 
usual procedure is to apply a rate which re- 
flects government borrowing costs, but this may 
not reflect the time trade-offs available to 
defence. A preferable approach that has been 
suggested [4, p. 231] is to compare the total 
undiscounted costs of alternatives and then test 
the ranking for sensitivity to a range of dis- 
count rates. 

Devising sound concepts and measures of 
cost is obviously a critical element in the 
design of cost-effectiveness studies. However, 
the unique feature of such analysis is the need 
to construct meaningful criteria of effectiveness. 
The principal difficulties in defining and 
measuring effectiveness result from the vertical 
and horizontal proliferation of effectiveness cri- 
teria. The reason for this proliferation becomes 
apparent when one opens the ‘black box’ of 
defence to find a hierarchical system of produc- 
tion processes. At the lowest level, where 
defence has its ‘initial interface with the 
economy, inputs are acquired from factor mar- 
kets and combined to produce what might be 
termed operational outputs. These outputs 
become the inputs to a subsequent production 
process whose outputs are the inputs to a still 
higher process, until some ultimate output is 
produced. 

Consider, for example, the decision to 
acquire a new maritime patrol aircraft. This 
aircraft will be combined. with other inputs 
such as manpower, fuel, land facilities, elec- 
tronic sensing devices and so on to produce 
the operational output of maritime surveillance 
sorties. To the commander of the maritime air 
forces who will be provided with these inputs, 
the problem (an operational analysis problem) 
is to maximise, perhaps, the number of sorties 
subject to the specific resources at his disposal. 
But this criterion is not the appropriate one 
upon which to base the selection of new air- 
craft. Surveillance sorties are but one input 
into a number of other processes which would 
include the production of an anti-submarine 
warfare capability, the production of an anti- 
shipping capability, the production of protec- 
tion for fisheries or other off-shore activity, or 
simply the production of ‘presence’. For each 
of these products there will be a number of 
criteria of effectiveness and not all of them 
need be positively related to the number of sor- 
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ties, the criterion at the lower level. In the case 
of anti-submarine warfare capability the cri- 
teria would include, among others, speed, 
range, endurance, detection capability and 
armament. Some of these criteria would be 
used to define output of some of the other 
joint-products of surveillance flights, but their 
respective contribution to effectiveness in those 
activities is likely to differ. The relative im- 
portance of each criterion will therefore depend 
upon a higher-level valuation of these several 
outputs. To complicate matters further, there 
may exist no single, unambiguous measure for 
some criteria. Trade-offs among them have to 
be made, but that combination which, for 
example, maximises anti-submarine capability 
at a given expenditure level will be a matter 
of considerable uncertainty. Modelling of anti- 
submarine warfare situations using aircraft of 
various configurations and in combination 
with alternative mixes of other inputs may 
reduce this uncertainty by revealing some 
rough idea of the trade-offs available. But the 
modelling process is really an attempt to aggre- 
gate lower level criteria into higher level cri- 
teria, such as submarines detected (or des- 
troyed). If no single criterion can be discovered, 
then the trade-off problem remains. 

Even then, an anti-submarine capability is 
still not an end in itself. At the next higher 
level in the means-ends hierarchy it is an input 
for the production of more general defence out- 
puts such as deterrence and damage-limitation. 
Criteria at this level are even more difficult to 
define. 

In a well-behaved market economy the prob- 
lem of co-ordinating the values of primary in- 
puts, intermediate outputs and national welfare 
is supposed to be looked after by the price sys- 
tem. No such automatic co-ordinating system 
operates in defence. As a consequence, the 
maintenance of consistency in selecting criteria 
of effectiveness at various levels of decision- 
making may be very troublesome. Consider the 
comparatively low-level problem of selecting a 
navigation system to be fitted in aircraft 
assigned to a strike role. Should the criterion 
of effectiveness be the navigational accuracy of 
each aircraft such that it may reach its target 
with some precision? On this criterion the most 
effective system may, because of its weight or 
complexity, compromise the range, speed or 
payload of the aircraft and thereby reduces its 
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strike effectiveness. If so, then the strike effec- 
tiveness of the aircraft might be a preferable 
criterion. But selection of the navigation sys- 
tem on this criterion may reduce the strike 
effectiveness of the total force because cost con- 
siderations limit the number of aircraft which 
can be fitted. As one ascends the means-ends 
hierarchy in search of effectiveness criteria, the 
number of alternative ways of accomplishing 
whatever the strike role accomplishes will 
expand. Eventually, the analyst who began 
with a fairly simple problem may find himself 
questioning the whole purpose of defence 
expenditures or indeed the contribution which 
national security expenditures make to 
national welfare. 

Criteria of effectiveness can expand not only 
vertically but horizontally as well. In the 
economist’s jargon, defence expenditures have 
spillover effects. Acquiring a weapons system 
may have an impact on domestic employment, 
regional economic activity, research effort, 
technology transfer and the balance of pay- 
ments. All or some of these impacts may be 
important government policy goals and as such 
potential criteria in the selection of weapons. 
Indeed, for some countries and under certain 


circumstances, non-defence criteria may be 
more heavily weighted by policy-makers than 
military criteria. 

The search for consistency in devising cri- 
teria of effectiveness can. obviously lead to 
expansion of even the lowest-level decision 
problem to the point where it becomes 


humanly unmanageable. What obviously 
happens in the real world is that the scope of 
decisions is constrained. Higher-leve! decisions 
are taken as given and the analyst’s task 
becomes one of sub-optimisation. Occa- 
sionally, however, he must look up and side- 
ways from his immediate problem. 

Given the multi-dimensionality of effective- 
Ness criteria, it is appropriate to think in terms 
not of individual criteria but rather of military 
utility or military worth functions which in- 
clude individual criteria as arguments. This 
concept underscores the importance of recog- 
nising trade-off opportunities among criteria, 
but it also imparts a false sense of feasibility. 
Interesting work has been done in utility analy- 
sis, but no-one has yet devised a practical uti- 
lity function for defence (or any other public 
activity). In the first instance, it is normally im- 
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possible to achieve direct quantitative 
measures of effectiveness. How, for example, 
does one measure the deterrence value of a 
particular weapon? In practice, analysts search 
for proxy measures: destructive capability, 
number of weapons systems, deliverable explo- 
sive weight, penetration probabilities, and so 
on, All of these variables can be quantified, 
at least approximately, but no single variable 
can be said to measure the single criterion of 
defence. In fact, the temptation to use a single 
measurable variable as the criterion of effec- 
tiveness is perhaps the most dangerous aspect 
of cost-effectiveness analysis. The use of such 
a variable allows the analyst’s model to churn 
out an ‘optimal’ solution; but the problem 
solved has little to do with that of the real 
world decision-maker. So-called ‘hard’ cost- 
effectiveness studies are possible only in the 
very rare circumstances where a quantifiable, 
uni-dimensional criterion of effectiveness is 
available. 

In a majority of cases therefore the analyst 
must resign himself to a role similar to that 
of the consumer researcher: he can cost alter- 
natives and establish criteria of effectiveness, 
measuring these where possible; but the actual 
trade-offs are necessarily subjective and hence 
the final preserve of the decision-maker. 


CONCLUSIONS 


The conceptual and practical problems of 
cost-effectiveness analysis pale by comparison 
with the challenge it faces in simply leading 
a viable and meaningful existence. The en- 
vironment of government can be harsh—even 
hostile—to the idea of economic rationality, an 
attribute which is neither necessary nor suffi- 
cient for government decision-making. Cost- 
effectiveness analysis is bound to collide with 
the system of rewards and punishments which 
actually guides the behaviour of politicians and 
bureaucrats. This system provides few incen- 
tives to allocate energy and time to searching 
out alternatives and comparing their costs and 
effectiveness. It may be more rewarding in 
terms of status and power to seek increased 
effectiveness by allocating energy and time to 
the pursuit of greater funding. 

Cost-effectiveness analysis aspires to clarify- 
ing problems of choice. It must do so on the 
understanding that all resource allocation deci- 


sions in the public sector are ultimately polliti- 
cal choices, and that such choices emerge from 
the rough pulling and shoving of politics and 
bureaucracy, not from elegantly contrived 
models of rationality. One virtue of analysis 
is that it can illuminate the economic costs of 
political choices, but if analysis is not consis- 
tent with the reality of politics then it may not 
be done at all. A more subtle danger is that 
cost-effectiveness may be seen to be done, con- 
siderable effort may be devoted to it, but in 
the actual decision-making process it may be 
ignored, or trotted out when convenient to add 
an aura of rationality to the support of particu- 
lar interests. 

The principal problem in establishing the 
relevancy of cost-effectiveness analysis in 
defence is that until comparatively recently 
government was both its sole purveyor and its 
sole client. A broadening of the analysis market 
would provide a better test of its relevance and 
would indeed establish whether cost-effective- 
ness is in fact cost-effective. On the supply side 
this requires the development of analytical 
capabilities in extra-governmental institutions. 
With the availability of alternative analyses of 
defence alternatives, legislative and public 
debate on defence issues can take place within 
the same framework and _ terminology 
employed by government. Competition of this 
sort raises the value of good analysis and at 
the same time provides incentives for its appli- 
cation. Recent years have in fact seen a flour- 
ishing of non-governmental analysis of defence 
issues. The Congressional Budget Office, for 
example, has produced several studies focusing 
on costed alternatives for United States defence 
policy. (For a discussion of the case for an in- 
dependent analytical capability for the US 
Congress see [16, ch. 7]. An example of the 
CBO analytical studies is given in [17].) Pri- 
vate organisations such as the Brookings Insti- 
tution and the National Strategy Information 
Centre have published similar studies. (For 
example, see [18, 19].) In the United Kingdom, 
the costed-option approach to the analysis of 
defence issues has been largely confined to uni- 
versity-centred research institutes such as the 
Centre for Defence Studies at the University 
of Aberdeen [6]. 

Successfully marketing  cost-effectiveness 
analysis requires that careful attention is paid . 
to both quality and costs and that some 
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balance is struck between them. Qualitative 
improvements will be found in the resolution 
of the conceptual and practical problems out- 
lined in the previous section; particularly sig- 
nificant gains could be expected from improved 
measures of internal opportunity costs in 
defence. With respect to the costs of producing 
analysis an important point is that cost-effect- 
iveness analysis is subject to diminishing 
returns. No analysis can ever be complete and 
extending the effort beyond the point where 
it can no longer be justified is in itself a misal- 
location of resources. A capability to perform 
rapid costings of a few realistic alternatives and 
to subject these to ‘quick and dirty’ effective- 
ness comparisons may yield higher returns 
than more sophisticated and expensive analy- 
sis. But perhaps the highest returns of all are 
obtained from simply thinking of defence prob- 
lems in a cost-effectiveness framework. 
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Within a parliamentary democracy, both the Executive and Legislature have key roles in ensuring 
public accountability for budgetary decisions. The internal budgetary processes of the United King- 
dom Government have developed the PESC system of planning public expenditure over a rolling five 
year period at constant prices. At the same time, the effectiveness of parliamentary financial 
procedures, far removed from the decision processes, has further declined. The key weaknesses are 
identified as: (1) the almost complete divorce between parliamentary discussion of expenditure and 
that of taxation; (2) the manner in which the Government's survival might be imperilled by defeat 
even on minor items, which limits the activities of Government backbenchers; (3) the unequal 
knowledge and resources of Government and Parliament, accentuated by British traditions of 
official secrecy; and (4) the failure of Parliament to seize those opportunities which are available 
(e.g. debates on the annual Public Expenditure White Paper). Proposals have been made for reform 
of financial procedures and for a new system of select committees by the Expenditure and Procedure 
Committees. These are evaluated and given a cautious approval. The emphasis is on the aim of 
integrating parliamentary debate of the expenditure and revenue sides of the public budget. A single 
budgetary document is proposed. Multi-year tax forecasts, and the underlying medium term econo- 
mic assessment, should be published. “Tax expenditures’ should be carefully costed and linked to the 
relevant expenditure programmes. These reforms would provide a more coherent and comprehensive 


framework for public debate of budgetary decisions. 


THE MEANING OF PUBLIC 
EXPENDITURE 


THE MEANING of ‘public expenditure’ is less 
clear than it appears at first sight. Its com- 
ponents include the spending of (a) central gov- 
ernment, (b) local government, and (c) part (or 
all) of the spending of bodies such as national- 
ised industries, other public corporations and 
fringe public sector bodies. There are acute 
problems of international comparison because 
many national statistics (and those collected by 
international agencies such as the United 
Nations, International Monetary Fund, EEC 
Commission, and the Organisation for Econo- 
mic Co-operation and Development) concen- 
trate mainly on (a) and (b) (often called ‘general 
government’) and lack a comprehensive defini- 
tion of ‘public sector’. The potentially mislead- 
ing nature of such a limited term of reference 
has been emphasised by Hood [25] who sug- 
gests that one motive for the creation of fringe 
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bodies is to limit the number of public 
employees counted as civil servants. The Bowen 
report [4] identified as many as 252 ‘fringe 
bodies’ yet Hogwood [24] has argued convinc- 
ingly that this is a serious understatement. 

The United Kingdon traditionally has had a 
wider definition of public spending than most 
countries. Until 1977, public expenditure in- 
cluded the total spending of central and local 
government and the capital spending of public 
corporations including the nationalised indus- 
tries (i.e. Operating expenses met by revenues 
were excluded). 

During the 1976 financial crisis and in the 
run-up to the IMF loan of December 1976, 
there was much comment about the size of the 
United Kingdom public sector. Mr Roy Jen- 
kins, then the Labour Home Secretory, argued 
that public expenditure as 60% of GDP (the 


then figure) was the ‘threshold of totalitar- 


ianism’. Without discussing the merits of this 
political assertion, it seems worth making three 
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points. First, care must be used when interpret- 
ing the public expenditure/GDP ratio. The 
numerator includes public expenditure on 
transfer payments (e.g. pensions) which are not 
part of the denominator, GDP. Second, the 
ratio is highly sensitive to the definition of pub- 
lic expenditure. The 1976 Public Expenditure 
White Paper [43] states that the public expen- 
diture/GDP ratio had risen to 60% in 1975/76. 
Yet the 1979 Public Expenditure White Paper 
[47] gives the ratio of 463% for the same finan- 
cial year. This remarkable transformation of 
the figures was achieved by moving to a less 
comprehensive definition of public expenditure 
(but one nearer to international definitions). In- 
stead of nationalised industries’ capital expen- 
diture being counted as part of public expendi- 
ture, only their net borrowings from the Exche- 
quer now ‘count’. All debt interest which will 
be met out of trading revenues and not out of 
taxation is also excluded. The ratio could be 
reduced still further by taking out social secur- 
ity which is usually treated as a separate fund 
outside central government in other countries. 
Third, OECD statistics [31,32] show that the 
United Kingdorn’s level of public expenditure 
and taxation is broadly in line with that of 
comparable Western European countries. 

During the period 1976-1977, the United 
Kingdom Treasury apparently encouraged the 
view that public expenditure was excessively 
high in relation to other countries [43]; the 
financial markets then took this literally, and 
there was a subsequent alteration in definitions 
to reduce the public expenditure/GDP ratio 
[45]. 

The Treasury’s Guide to Public Sector Finan- 
cial Information [48] is an invaluable reference 
source which explains the relationship between 
public expenditure planning figures, public 
expenditure on a national income accounts 
basis and international comparisons. It pro- 
vides a manual as to the use of published 
United Kingdom material. 

There has been a growing awareness that 
there is frequently a policy choice between di- 
rect public expenditure and ‘tax expenditures’ 
(allowances against tax). Examples are child 
benefits versus child tax allowances, investment 
grants versus capital allowances, and housing 
subsidies versus mortgage tax relief. Unlike di- 
rect public expenditures, ‘tax expenditures’ have 
never been explicitly planned and are not 
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‘charged’ against Departments or programmes. 
Willis and Hardwick [50] have calculated that 
the yield of UK income tax would have been 
40% higher in 1973/74 if there had been no tax 
expenditures in 1973/74. Willis and Hardwick’s 
call for a ‘Tax Expenditure Budget’ for the 
United Kingdom has been partially met by the 
publication in the 1979 Public Expenditure 
White Paper [47, table 16] which gives the esti- 
mated cost of a large number of tax allowances 
and lists those on which no valuation can yet 
be put. 


PUBLIC ACCOUNTABILITY 


Within a parliamentary democracy, both the 
Executive and the Legislature have key roles in 
securing that accountability to the electorate is 
maintained. The respective role of these two 
institutions will be a central issue in this article. 
The effectiveness of parliamentary control over 
expenditure has so declined that much of par- 
liamentary financial procedure is a charade far 
removed from the underlying realities of public 
expenditure. These parliamentary procedures 
have failed to adapt to the vastly changed cir- 
cumstances of a large and secularly expanding 
public sector entirely different from their 19th 
century origins. 

We will now identify a number of recurring 
themes in this article: 


(a) there is a complete divorce between parlia- 
mentary discussion of expenditure and that 
of taxation; 


(b) the growth of ‘party government’ over the 
intervening period has resulted in decisions 
on public expenditure and taxation becom- 
ing issues of confidence in the Government 
of the day, thereby severely limiting the abi- 
lity of backbench members of the Govern- 
ment to take their disagreement with var- 
ious items anything like as far as voting 
them down; 


there is growing tension between the Execu- 
tive (Government) and the legislature (Par- 
liament), reflecting the frustration of the lat- 
ter at its own impotence. Unequal know- 
ledge and resources handicap the ability of 
the Legislature to perform its supposed task 
of controlling the Executive. Terence Hig- 
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gins MP, a former Conservative Financial 
Secretary to the Treasury [22], has argued 
that the parliamentary weakness of the 
1974-79 Labour Government encouraged 
backbench members to flex their muscles. 
The reports of the Select Committee on 
Expenditure [8] and of the Select Com- 
mittee on Procedure [9] have proposed 
radical changes in financial procedures 
which are discussed in detail later in this 
article. These would strengthen the ability 
of select committees to scrutinise the activi- 
ties of the Executive. Yet there remains a 
conflict within the group of reformers who 
appear to have seized the initiative on this 
issue. Edward Du Cann MP, the Conserva- 
tive Chairman of the Public Accounts 
Committee, regards the strengthening of 
Parliament’s role as a way of eliminating 
the extensive waste (he sees) in the public 
sector in order to reduce its size. In con- 
trast, John Garrett, a Labour MP who was 
formerly a member of the Fulton Com- 
mittee on the Civil Service, wants a 
stronger role for backbench MPs as a 
means of securing more effective demo- 
cratic accountability and better directed 
(not less) public spending. These two separ- 
ate issues are frequently, and sometimes 
deliberately, confused: first, the desirable 
size of the public sector; second, the role of 
Parliament in exercising financial control 
over the Executive. This division might 
defeat reform if it were simply seen to be 
giving weapons to opponents of public 
spending per se; 


(d) the ability of Parliament to scrutinize 


expenditure decisions depends crucially 
upon the willingness of the Executive to 
provide background information and 
material. The British tradition of pervasive 
official secrecy works against open examin- 
ation of expenditure decisions. For 
example, the Executive: has consistently 
refused to publish the PAR (Programme 
Analysis and Review) studies: it even 
refused to make available to the Expendi- 
ture Committee a PAR study on education 
which had been made available to OECD 
and referred to in a published report. Par- 
liament is thereby denied access to informa- 
tion about expenditure options. Instead of 
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‘open government’, leaks assume a con- 
siderable importance. The Guardian of 28th 
February 1979 [18] reproduced parts of a 
memorandum from Sir Douglas Wass, Per- 
manent Secretary of the Treasury, to Sir 
Peter Carey, Permanent Secretary of the 
Department of Industry, stating that in the 
last four months of 1978 the then Labour 
Government initiated seven job-saving pro- 
jects which will involve the country in 
losses of up to £800m. “The startling and 
disturbing conclusion is that we have been 
accumulating prospective losses of real 
resources at a rate faster than the growth of 
national income.” The official Government 
response was to order an inquiry into the 
leak. However, Mr Tony Benn MP [3] sug- 
gested that the real question ought to be 
why the public did not see the other 10,000 
letters between Permanent Secretaries. 
There is a conflict between public access to 
information and the need for commercial 
confidentiality on some industrial projects. 
Yet the present level of secrecy over the 
whole range of Executive responsibilities 
hampers the functions of Parliament and 
inhibits the development of well-informed 
public opinion; 


the structure of the public sector has impor- 
tant implications for the structural forms of 
public accountability. Part of the case for 
devolution (e.g. the setting up of an elected 
Scottish Assembly) has always been the abi- 
lity of the sub-national unit of government 
to scrutinise devolved public expenditure 
more effectively [29]. During the passage of 
the Scotland Act, there was debate about 
whether the (United Kingdom) Comptroller 
and Auditor General and Public Accounts 
Committee would be able to scrutinise 
devolved expenditure. The Government 
successfully resisted this, but the Expendi- 
ture Committee has;argued that their remit 
should cover all bodies receiving funds 
voted by Parliament (i.e. including devolved 
assemblies, local authorities, nationalised 
industries, public corporations and fringe 
bodies). The Procedure Committee [9] has 
revealed that the post-war Labour Govern- 
ment rejected the view of the then Comp- 
troller and Auditor General that he should 
be empowered to audit the newly national- 
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ised industries. This debate raises impor- 
tant issues about the structuring of the pub- 
lic sector itself. For example, the decisions 
to set up an elected Scottish Assembly or 
an electricity corporation to manage 
nationalised assets, would have major im- 
plications for the forms and methods of 
public accountability; 


(f) public expenditure decisions have major 
macro-economic implications and they are 
taken within some macro-economic frame- 
work. The Plowden Report [34] view of 
public expenditure planning was explicitly 
Keynesian but the growing influence of 
monetarist ideas, and the IMF loan of 1976, 
have led to the adoption of unconditional 
M3 (money supply) and PSBR (Public 
Sector Borrowing Requirement) targets. 
The Government’s refusal to publish the 
medium term economic assessment and tax 
forecasts to match the expenditure plans 
has been severely criticised by the Expendi- 
ture Committee [11]. Ward and Neild [49] 
have criticised the failure to develop a ‘full 
employment’ or ‘constant employment’ 
budget and have undertaken their own 
calculations of fiscal stance. 


THE PUBLIC EXPENDITURE 
WHITE PAPER 


The annual Public Expenditure White Paper 
(due for publication in December but frequently 
not appearing until January or February) is the 
visible part of the iceberg of public expenditure 
decision-making. The 1979 volume [47] is a 
much weightier and more comprehensive docu- 
ment than the first volume of February 1969 
[41]. Much of the credit for these improve- 
ments is due to the urgings of the General Sub- 
committee of the Expenditure Committee 
whose members have developed substantial 
technical expertise. Despite occasional irri- 
tation at the Sub-Committee’s voracious appe- 
tite for information (e.g. Joel Barnett MP [2], 
Chief Secretary of the Treasury, in the 1979 
Public Expenditure White Paper debate), the 
Treasury has responded to many of its 
requests, particularly more technical ones. The 
crucial area where little progress has been 
made is the general exclusion of Parliament 
from the debate on policy alternatives. This 


extends over the choice between expenditure 
options (e.g. the refusal to publish PARs), the 
refusal to publish the medium term economic 
assessment or multi-year forecasts of tax 
revenues, and the cloak of Budget secrecy 
which precludes debate on taxation options 
until after the Government has irrevocably 
committed its prestige to particular changes. 

The White Paper presents the Government’s 
decisions on the level and composition of pub- 
lic expenditure over a five year period. Owing 
to the inflexibility of many commitments in the 
short term, such a perspective is required if the 
Government wishes either to reduce the total 
or to alter the balance of programmes. The 
growth of public expenditure is planned in the 
context of the expected growth of GDP in the 
Public Expenditure Survey (PESC) period. The 
planning process and the White Paper uses two 
sets of constant price figures: first, ‘in volume 
terms’ which represents the quantity of public 
services supplied, and second, ‘in cost terms in- 
cluding the relative price effect’ which reflects 
the secular tendency of public sector costs to 
rise faster than those for the economy as a 
whole. 

Although the White Paper is now an impres- 
sive document, there remain serious limitations 
to which we have already alluded. It is an 
Executive document which does not require 
parliamentary approval (e.g. in 1979 there was 
simply a ‘take note’ resolution in the name of 
the Government). Although the Government 
was defeated in the vote on the 1977 White 
Paper, it subsequently survived a vote of con- 
fidence and it remained the Government’s 
planning document. Higgins [22, 23] has 
argued that MPs should be able to vote on 
individual items anc that this should have real 
significance. The White Paper debates are 
generally acknowledged to be uninspiring and 
badly attended [39]. They are frequently 
dominated by the ‘technicians’ (especially those 
from the Expenditure Committee). They only 
engage the interest of ordinary backbench MPs 
if there are major cuts in public spending. 
There has been an almost complete failure to 
initiate debate on spending priorities. The con- 
stituency role of MPs frequently encourages 
them to argue for specific increases in expendi- 
ture whatever their ideological stance on the 
aggregate size of public spending. In the 1979 
debate, Douglas Crawford (SNP MP for Perth 
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and East Perthshire) [7] taunted his Conserva- 
tive neighbour (Nicholas Fairbairn QC, Kinross 
and West Perthshire) for wanting “cuts in 
general but not in particular”, citing his lobby- 
ing for a bypass for the A9 past the village of 
Blackford. Most MPs are unwilling to make 
the explicit judgements right across the spec- 
trum of programmes which a more vigorous 
parliamentary role in public spending pro- 
grammes would call for. 

The form of the White Paper encourages 
MPs and others to view expenditure decisions 
in isolation from decisions on revenue. The 
document gives few hints about the implica- 
tions of the five year rolling expenditure pro- 
gramme for the future level of taxation. The 
output growth forecasts of successive White 
Papers have been over-confident, thereby 
encouraging the planning of expenditure pro- 
grammes on the basis of increases in national 
resources which never materialise. Even the 
‘middle case’, possibly as much aspiration as 
forecast, often turns out too optimistic. The 
result is that public expenditure grows faster 
than GDP and then there are sharp, dislocat- 
ing cuts in programmes. 

The world recession of the 1970s and the loss 
of confidence in macro-forecasting has shor- 
tened the time horizon of public expenditure 
planning. The third to fifth years are now 
highly tentative and the introduction of cash 
limits on programmes has reduced the signifi- 
cance of the plans in volume terms. If the 
actual rate of inflation exceeds the rate built 
into the cash limits, there will have to be offset- 
ting cuts in volume expenditure unless the cash 
limits are relaxed. The new emphasis on mone- 
tary aggregates (M3 and PSBR) has directed 
attention back to cash and away from real 
resource use. Nicholas Ridley MP [38], a 
monetarist Conservative who is a member of 
the General Sub-Committee of the Expenditure 
Committee, has argued that there should be a 
move right away from ‘funny money’ (i.e. con- 
stant prices) back to cash. 


EXECUTIVE PROCESSES 


The Public Expenditure Survey (PESC), of 
which the annual White Paper is the visible 
part, owes its origins to the Plowden Report 
[34] of 1961. This set out a comprehensive 
framework for public expenditure planning on a 


a multi-year, constant price basis against 
the backcloth of the expected growth of 
GDP. The origins of PESC are discussed in 
Clarke [6] and Goldman [16] who were 
both participants. It was intended to replace 
the hitherto piecemeal consideration of public 
expenditure. 

Plowden recognised that the annual supply 
procedure was a mechanical constitutional 
procedure which was unsuitable for the man- 
agement or control of public expenditure and of 
negligible use to MPs. PESC represented a 
parallel, managerialist control system. It would 
enable strategic decisions to be taken about the 
aggregate size and composition of public 
expenditure by the Cabinet on the basis of 
an institutionalised annual cycle with which 
other routines (e.g. policy reviews) 
synchronised. 

During the early 1970s there was consider- 
able confidence that the United Kingdom had 
made notable reforms in its budgetary pro- 
cesses without becoming engulfed in the traps 
which had doomed the PPBS (Planned Pro- 
gramming Budgetary Systems) of the Johnson 
era in the United States (e.g. [13]). Though cri- 
tical, the Heclo and Wildavsky study [21] did 
not conceal its admiration for the functioning 
of the ‘expenditure community’. Ironically, the 
PESC system was by then creaking under the 
strain of rapidly rising inflation and of frus- 
trated expectations of growth of GDP. Godley 
[15] dramatised the alleged failings of PESC 
with his allegation that there was a ‘missing 
£4b’ in the financial year 1974/75. Heald [19] 
noted that Supplementary Estimates for 
1974/75 amounted to 32.5% of the initial provi- 
sion in the original Supply Estimates and that 
their form did not enable informed judgements 
to be made about their justification or other- 
wise. Doubts were cast on the reliability of the 
revaluation factors being used. Public expendi- 
ture in volume terms grew by 19.8% in the 
three years to 1974/75 (7.5% in that year alone). 
In cost terms, the comparable figures were 
28.3% and 11.5%: these are much _ higher 
because of a strongly positive relative price 
effect over this period. 

The Government’s response to this growth 
and to the financial crisis of 1976 was to cut 
public expenditure and to introduce cash limits 
[44]. The computerised Financial Information 
System, already being developed because of 


were 
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earlier problems with shortfall, was given fresh 
impetus [5]. This produced much quicker 
management information and enabled the 
Treasury to monitor the profile of Department- 
al spending. The uncertainty and new struc- 
ture of rewards and penalties generated by cash 
limits quickly transformed the problem from 
one of overspending back to shortfall, this time 
much larger than ever before. The cash limit 
system was not seriously stretched in the finan- 
cial years 1975/76 to 1978/79 as the major 
component of cost (wages and salaries) were 
easily forecast when calculating cash limits as 
the non-statutory incomes policy was enforced 
fairly stringently in the public sector. The 
breachings of the Government’s 5% pay ceiling 
for the 1979/80 wage round will test the cash 
limit system. Unless the cash limits are revised 
upwards, large cuts in volume expenditure will 
be required. The Chief Secretary’s statement of 
23rd February 1979 [1] left unclear by how 
much the Government would revise cash limits 
upwards as a result of public sector settlements 
it had approved well above the 5% norm. Cash 
limits have been used as a substitute for pay 
policy in the public sector and any upward 
revision would damage their future credibility. 
An extremely important development has been 
the growing use of the Contingency Reserve as 
a ‘kitty’ out of which policy changes under- 
taken during the year have to be paid. Its size 
is growing, and its status, as money not allo- 
cated to programmes, provides a new flexibility 
at the margin in adjusting policy priorities and 
in responding to events without exceeding the 
planned spending total. 

Shapiro [40] contended that a fundamental 
weakness within the PESC system was the 
emphasis upon ‘collegiality in decision-making’ 
whereby groups of Ministers review the various 
spending programmes. He contrasted this with 
a system of bilateral discussions between the 
spending Department responsible for a pro- 
gramme and the Treasury. The presumption of 
collegiality is that Ministers would forsake 
their Departmental roles and critically appraise 
the programmes of other Ministers. Instead of 
this, alliances have been formed by spending 
Ministers against the Treasury. The tradition 
remains strong that a good Minister is one 
who successfully advances departmental inter- 
ests and defends them in Cabinet. Alienating 
other spending Ministers by criticising their 
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programmes would not assist in this prime 
task. Indeed, Margaret Thatcher MP and Sir 
Keith Joseph MP, now associated with policies 
of major cuts in public expenditure, built 
their political reputations in the 1970-74 
Heath Government as resourceful promoters of 
education, and health and social security 
spending. 

The ‘appraisal’ function has been much less 
thoroughly developed than the expenditure 
planning function. The 1970 Conservative 
Government displayed initial enthusiasm for 
appraisal studies as part of its policy of apply- 
ing business techniques to governmental activi- 
ties. PAR (Programme Analysis and Review) 
was launched publicly in 1971 as a generic 
name for the application of analytical techni- 
ques to existing spending programmes and 
policy options. Successive Governments have 
refused to publish PARs or even to identify the 
subjects under study. Occasionally, work un- 
dertaken as a PAR has been published without 
being identified as such (e.g. a cost-benefit 
study of forestry). It appears that these Conser- 
vative reforms had minimal impact and that 
spending Departments evolved successful 
counter-strategies (e.g. offering up programmes 
to which they had no commitment as token 
sacrifices; suggesting politically sensitive areas; 
and putting forward for study the programmes 
for which their justification was most compre- 
hensive). PAR seems to have run out of steam 
and a Treasury summary [46] of the processes 
of public expenditure management fails to 
mention them by name. The 1974-79 Labour 
Government initiated a series of major policy 
reviews (e.g. transport, energy and housing) 
which were not called PARs but which resulted 
in Green Papers. These documents, however, 
tended to present considered Government 
views and not to indicate the full range of rele- 
vant policy options. 

The secrecy with which such policy studies 
are conducted excludes both Parliament and 
public from knowledge of rejected policy 
options. It makes a balanced assessment of the 
effectiveness of innovations such as PAR im- 
possible: outsiders lack the requisite informa- 
tion and insiders are not necessarily above pro- 
fessional or institutional biases. Governments 
restrict access to such information as its release 
would enable Parliament, the press and public, 
and especially the Opposition, to question and 
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criticise it more effectively. Greater openness 
' would, however, require major changes in pub- 
lic expectations of Ministers: admission of 
ignorance or indecision would not have to be 
treated with customary derision or else the 
Government would find new methods of sup- 
pressing information until it had reached its 
own decisions. Freedom of information legisla- 
tion, if effective, would provide Parliament 
with the ability to police Executive decisions 
on a much more systematic basis. At present, 
there is no means of following up the Wass 
memorandum on the seven projects to estab- 
lish whether Nigel Lawson MP’s accusation 
[28] that they were solely designed to sinless 
Labour marginal seats was justified. 
Discontent with overall economic perfor- 
mance in general and with exercise of govern- 
mental functions in particular has resulted in 
frequent institutional change. The Fulton 
report of 1968 [12] emphasised managerial func- 
tions and led to the establishment of the Civil 
Service Department. The Heath Government 
set up giant departments (Department of Trade 
and Industry and Department of Environment 
which have been partly dismembered subse- 
quently), and the Central Policy Review Staff 


as a key instrument of central policy evaluation 
and formation. The Expenditure Committee 
1977 report on the Civil Service [8] voiced 
continued concern at the quality of civil service 
management. One of the key issues was the 
relationship between the Civil Service Depart- 


ment and the Treasury. It is indicative of 
suspicion of the Treasury across the politi- 
cal spectrum that two former Prime Ministers 
(Heath and Wilson [20, 51]) advocated break- 
ing it up. Heath argued for taking the public 
expenditure functions from the Treasury and 
giving them to the Civil Service Department to 
link these up with responsibilities for personnel 
and management services. This move would, 
however, aggravate the lack of integration of 
spending and taxing decisions which has been 
a theme of this article. The Expenditure Com- 
mittee suggested that the management services 
and public expenditure functions should be re- 
united in the Treasury. Any fragmentation of 
the Treasury’s functions should be avoided: the 
task of better control over the Treasury should 
be achieved through the means of greater 
openness, less official secrecy and a strength- 
ened role for the select committees. 


THE ESTIMATES CYCLE 


The estimates cycle constitutes the parlia- 
mentary dimension of the system of public 
accounting and audit. It consists of the Votes 
on Account (allowing the continuation of pub- 
lic services until the formal estimates are 
passed); the Supply Estimates and the Consoli- 
dated Fund Acts and the Appropriation Act; 
the Revised and Supplementary Estimates; the 
Excess Votes; the Appropriation Accounts and 
the reports of the Comptroller and Auditor 
General; and the reports of the Public 
Accounts Committee. It has secured a very 
high standard of honesty. and integrity (‘regu- 
larity and propriety’) in the management of 
public funds. But it remains a system much 
better suited to ensure that the King did not 
spend the money voted for the army on his 
mistresses than to control a modern govern- 
ment. It produces a mass of detail which either 
swallows the reader or is left unread. It 1s 
slightly more useful to Government Depart- 
ments than it is to MPs. There is no effective 
link between the formal financial procedures 
and PESC which is primarily an administrative 
process. Cash limits have hitherto been an 
administrative device separate from the Supply 
procedure but the 1979/80 Supply Estimates 
assimilate the cash limits into the Supply pro- 
cedure and are voted by Parliament. Supply 
Days have been usurped for general debate on 
topics initiated by Opposition parties. There 
are rarely debates on the Estimates themselves. 
Higgins [23] noted that Opposition back- 
benchers would be highly unpopular with their 
own frontbench if they attempted to initiate a 
debate on the Supply Estimates, thereby 
depriving the Opposition of an opportunity to 
attack the Government on an issue of the day. 
He urged that the Government should make 
time available for detailed examination of the 
Supply Estimates on the floor of the House 
without encroaching upon what has by tradi- 
tion become regarded as the Opposition’s time. 

The growing dissatisfaction in Parliament 
with Westminster’s system of public accounting 
and audit has been clearly voiced by the 
Expenditure Committee [8, 9] and the Pro- 
cedure Committee [35]. The role and status of 
the Comptroller and Auditor General has been 
singled out as a particular focus of criticism. 
Normanton [30] supported by Garrett [14]. 
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argued in evidence that the United Kingdom 
has the lowest status public auditors in Europe. 
“We are of the opinion that by comparison 
with other countries our system of public audit 
is out of date”, concluded the Expenditure 
Committee [8, paragraph 153]. The major 
criticisms related to the limited range of accounts 
the Comptroller and Auditor General exam- 
ines (e.g. which exclude those of local author- 
ities, nationalised industries and fringe bodies); 
the level and range of qualifications held by 
staff in the Exchequer and Audit Department 
and the fact that staffing, recruitment and 
salaries are controlled by the Civil Service 
Department, part of the Executive which is 
being scrutinised; and the narrowness of public 
audit in the United Kingdon which concen- 
trates heavily on ‘regularity and propriety’ (i.e. 
money has been spent on the purposes which 
Parliament voted it for) rather than ‘value for 
money’. The Expenditure Committee proposed 
a series of major reforms including the severing 
of all links between the Comptroller and Audi- 
tor General and the Executive so that he and 
his staff become part of the staff of the House 
of Commons; the auditing by the Comptroller 
and Auditor General of all bodies in receipt of 
public funds voted by Parliament; and his staff 
servicing the new select committees proposed 
by the Procedure Committee. After the Govern- 
ment [17] rejected these proposals, the Expen- 
diture Committee produced a strongly worded 
restatement of its views [9]. There is a close 
correspondence between the views of the 
Expenditure Committee and Procedure Com- 
mittee on these issues, partly through the in- 
fluence of overlapping personnel. 


THE ROLE OF FINANCIAL 
SELECT COMMITTEES 


The Procedure Committee’s report was 
debated in the Commons on 19th and 20th 
February 1979 and it became clear during the 
debate that it enjoyed widespread support 
among backbench MPs and from the Opposi- 
tion frontbench. The Government were mark- 
edly less enthusiastic though Michael Foot 
MP, Leader of the House, conceded an early 
opportunity to consider the proposals in detail 
when he answered the two day debate. The 
Procedure Committee quickly produced a 
report [36] suggesting a programme of action 
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and emphasising the setting up of departmental 
select committees shadowing Departments as 
the first step. 

The most influential of the existing Com- 
mons select committees are the financial ones: 
Public Accounts, Expenditure and National- 
ised Industries. The Public Accounts Commit- 
tee, set up by Gladstone in 1861, is deeply 
embedded in the financial procedures of the 
House, and is able to depend upon the 
resources of the Exchequer and Audit Depart- 
ment. It has impressed high standards of stew- 
ardship upon the Executive and its sometimes 
caustic comments upon lapses carry great 
weight. It remains, however, a post hoc examin- 
ation of the appropriation accounts and 
the Public Accounts Committee does not have 
a role in forward policy making, except for the 
important one of drawing procedural lessons 
from its investigations. 

The Expenditure Committee was set up in 
1971 to replace the earlier Estimates Commit- 
tee. The intended co-ordinating role of the 
main Committee has been singularly unsuc- 
cessful and the investigations are conducted by 
the six Sub-Committees. Of these, the General 
Sub-Committee has established the most 
accomplished reputation for its work on public 
expenditure processes. The other Sub-commit- 
tees have frequently fallen into the temptation 
of investigating currently topical issues as one- 
off enquiries without contributing much to the 
debate on expenditure priorities across pro- 
grammes. Robinson’s study [39] of the early 
years of the Expenditure Committee reaches 
deeply pessimistic conclusions about its failure 
to live up to expectations and about its limited 
influence on Government. 

The Select Committee on Nationalised In- 
dustries operates through three sub-committees 
and reviews the operation, financing and rela- 
tionships with Government of the nationalised 
industries and a number of other public cor- 
porations. It has tended to see its role as 
defender of the nationalised industries’ inde- 
pendence against the interference of Govern- 
ment departments and it has issued a number 
of reports severely critical of Government. 

The Procedure Committee’s recommenda- 
tions would leave the role of the Public 
Accounts Committee unchanged (contrary to 
the wishes of the latter’s Chairman, Edward 
Du Cann MP, who wanted a merger with the 
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Expenditure Committee). The Expenditure 
Committee would be abolished: in a sense, 
some of its sub-committees would form the 
nucleus of some of the proposed departmental 
committees. The Select Committee on 
Nationalised Industries would be abolished, its 
functions being taken over by the departmental 
committees (contrary to the wishes of its Chair- 
man, Russell Kerr MP). 

The proposals of the Procedure Committee 
are generally sound but there are a number of 
issues and problems which must be faced as a 
pre-condition to the successful implementation 
of its select committee proposals. First, there 
will be additional costs which must be justified 
with reference to the results of better scrutiny. 
The select committees will require proper ser- 
vicing and research resources and there will 
probably be extensive monitoring of each select 
committee’s activities by the Department it is 
shadowing. Second, there must be serious 
doubts about whether existing reports, regard- 
less of their quality, are read outside Govern- 
ment by more than a few Expenditure Com- 
mittee ‘watchers’. Third, Parliament itself does 
not appear to take select committee reports 
very seriously. Even those reports which are 
now debated on the floor of the House (not 
very many of them) usually attract very poor 
attendances and the _ proceedings are 
dominated by the members of the select com- 
mittee which prepared the report. Higgins [22], 
though supporting the development of the 
select committees’ role, warned against the 
emergence of a new elite of ‘technicians’. It is 
indicative of the status of select committee 
reports that MPs called for, and the Govern- 
ment appointed, a committee of inquiry (under 
Mr Justice May) into the prison service [37] 
just after the Expenditure Committee had pro- 
duced acomprehensive report [10]. Fourth, there 
must be a danger that the departmental select 
committees might be ‘taken over’ either by the 
Department being shadowed or by some pres- 
sure group interest. This would exacerbate the 
problem of discussing priorities across depart- 
mental and programme boundaries. The ability 
to take a broader view was the case advanced 
by Russell Kerr MP [27] against the abolition 
of the Select Committee on Nationalised In- 
dustries. 

Supporters of parliamentary reform often 
either explicitly or implicitly decry the rise of 
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‘party government’ and the control that this 
provides the Executive over the Legislature. 
They advance a ‘consensus’ rather than ‘adver- 
sarial’ model of political behaviour. Strength- 
ening the Legislature through the establish- 
ment of powerful select committees is seen as a 
method of reducing the power of the Executive. 
This view does not appeal to those who view 
Parliament (and hence Executive power) as an 
instrument for effecting radical social and 
economic change. The debate about the Execu- 
tive’s power over the Legislature cannot en- 
tirely be separated from the debate over the 
state’s role in economic and social life. The 
conflict between the reformers who want 
simply ‘less government’ and those who want 
‘better government’ may still abort reform in a 
political climate of bitter controversy about the 
role of the state and the size of public expendi- 
ture. 


CONCLUSIONS 


The steady process of improving the annual 
Public Expenditure White Paper should con- 
tinue. The most crucial change is to move to- 
wards the integration of the parliamentary 


debate of the expenditure and revenue sides 
of the public budget. This involves the pub- 
lication of multi-period tax forecasts and the 
underlying medium term assessment, and the 
accurate costing of tax expenditures which 
should be linked to the relevant expenditure 
programmes. Parliamentary and public atten- 
tion now focuses upon the melodrama of 
Budget Day rather than upon the longer term 
decisions on public expenditure which shape 
the amount of room for manoeuvre which the 
Chancellor of the Exchequer possesses in any 
particular fiscal year. Although there would be 
problems of timing to be resolved, a single 
budget document (covering both expenditure 
and revenue) should replace the existing Public 
Expenditure White Paper, Financial Statement 
and Budget Report, and Memorandum of the 
Chief Secretary to the Treasury on the Supply 
Estimates. This single document should be 
backed up by appendix volumes. There is an 
important role for guides to the system and to 
published documentation: the Treasury’s Guide 
to Public Sector Financial Information {48] is a 
welcome addition. Unfortunately, however, the 
guide to the methodology of the Public Expen- 
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diture White Papers [42] is seriously out of 
date. Much greater openness (e.g. the publi- 
cation of PARs) can assist in channelling debate 
in constructive directions. Establishing the 
scale of public expenditure and the priorities 
within it ought to be at the heart of the demo- 
cratic political process: it ought not to be left 
entirely to the Executive nor to a group of 
‘specialist’ MPs. 

The Expenditure and Procedure Committees 
have made valuable suggestions about the evo- 
lution of the select committee system. These 
reforms can be successful in reviving parlia- 
mentary scrutiny of expenditure decisions pro- 
vided certain conditions are met. They will fail 
if they are envisaged as a means of ‘depolli- 
ticising’ public expenditure decisions and of 
undermining ‘party government’ in favour of a 
‘consensus’ style of government. They will also 
fail if the purpose becomes solely to discredit 
government activity and to reduce the size of 
the public sector. Both these developments 
would alienate MPs otherwise sympathetic to 
the goal of securing more effective account- 
ability for public expenditure decisions. Public 
expenditure, bureaucrats and politicians have 
been the targets of a mounting series of skilful 
attacks from the ‘radical right’ [26]. Political de- 
velopments such as California’s tax-cutting Pro- 
position 13 suggest that the post-war consensus 
in favour of ‘welfare capitalism’ has been 
eroded and that sharp political conflicts over 
the role of the state are in prospect. This will 
limit the ‘consensus-generating’ role of select 
committees. Nevertheless their investigative 
and information-gathering roles provide valu- 
able inputs into the party political conflict. 

PESC provides the framework for Executive 
decisions on the size and mix of public expen- 
diture. If opened up to wider scrutiny, Parlia- 
ment could play a more effective role. Macro- 
economic circumstances and policy have a 
dominating influence over the decisions on 
broad aggregates. The 1974-79 Labour Gov- 
ernment latterly committed itself to M3 and 
PSBR targets which were not conditional upon 
the level of economic activity. The present 
author would support the [33,49] case for 
judging fiscal stance by the constant employ- 
ment budget balance. A critical issue facing 
PESC is the future of incomes policy and cash 
limits. Some form of incomes policy is inevi- 
table in the public sector especially in tax- 
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financed public services. Cash limits have been 
acting as a surrogate for a public sector in- 
comes policy but it is as yet unclear as to 
whether they will hold intact through a 
renewed bout of wage inflation. If they do not, 
they will be discredited. If they do, the PESC 
system of volume planning will exist only in 
name but not in substance. 
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EDITORIAL 


Evaluating Management Education 


MANAGEMENT education is now big business. I have not seen any 
recent statistics on expenditure in this field in various countries, but 
with extensive programmes in operation in thousands of business 
schools and other educational centres, the total annual figure must be 
quite phenomenal, not only in the running and capital costs involved, 
but in the time invested by participants in the numerous courses on 
offer. It is, therefore, only natural that people should want to investi- 
gate the return on this large investment and try to determine whether 
it manages to achieve what is expected of it. 

In this respect management education is no different from education 
in other disciplines, and an enormous amount of research has been 
directed towards the evaiuation of teaching methodologies, assessment 
of performance, correlation of achievements on courses with other 
educational attainments and/or personal attributes, as well as follow- 
up studies which attempt to trace subsequent career development. 
Thus, the literature in the field of education research (and methods of 
investigation in the social sciences for that matter) should provide a 
most useful background for anyone interested in evaluating manage- 
ment education, and the experience of previous research workers 
should prove invaluable in determining the kind of investigation to be 
undertaken. 

Now, supposing that you are responsible for running a particular 
management course, how would you go about assessing its effective- 
ness and how would you produce an optimal design for the course, so 
that the resources at your disposal can be utilized in the best possible 
way? If you constantly preach to your students that management is to 
do with the use of resources, that the performance of a managerial 
system always needs to be monitored and evaluated, then surely the 
activities of your own centre should be amenable to the same kind of 
treatment. 

You start, presumably, by specifying the objectives of the course and 
the expectations of the students who come on it (and/or their spon- 
sors). You then have to devise a methodology for measuring the major 
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attributes that delineate these objectives, so that a comparison between 
aspirations and reality can be undertaken. In the final phase of such an 
investigation you would consider ways of modifying your course pro- 
gramme with the aim of achieving either better results, or the same 
results more economically, or both. Needless to say, in this last phase 
you would also contemplate on the rationale and viability of the stated 
objectives, which—in the light of your experience—could perhaps be 
recast and thereby have implications on the future design of the 
course. 

This conventional approach seems straightforward enough, until 
you try to implement it. It is then that you find innumerable hurdles, 
each of which can be sufficiently serious to put the whole investigation 
in jeopardy. I shall mention only some of the problems that are likely 
to be encountered, but these may suffice as an indication of the enor- 
mity and complexity of the task involved. 

First, how do you find out what the objectives are for a given 
course? If you are responsible for running it, presumably you know 
what you have set out to achieve, and if you are an outside investiga- 
tor, you can approach the man in charge and ask him to state his 
objectives. But not unlike other organizational systems, an educational 
centre rarely responds to such probings with clear-cut answers. Under- 
standably, managers are often reluctant to commit themselves, and 
even when they genuinely try to cooperate they find difficulty in identi- 
fying the objectives of a given system, except in a very narrow func- 
tional sense (such as keeping within a prescribed budget or meeting 
specified targets). Then, there are the customers to consider; they avail 
themselves of the product or the service on offer because of certain 
expectations that they have. Should these expectations be explicitly 
sought and incorporated as part of the objectives-set by which per- 
formance is to be judged? It appears that the problem for the investi- 
gator is not only to resolve the possible incompatibility between the 
objectives of management and those of its customers, but to determine 
what weight to give to each of the sub-sets as part of the performance 
assessment exercise. 

Clearly, any ranking of objectives for this purpose, or assigning 
weights to them, is open to challenge, and the only sensible course 
open to the investigator is to maintain a multi-objective set, so that 
performance can be compared against each objective separately. The 
implication of such an approach is that it would not then be possible 
for the researcher to pronounce a verdict as to whether the system’s 
performance is good or bad: it may be good as judged by one criterion 
but abysmal as seen by another. It would not be possible in many 
cases even to say whether any contemplated changes, say in a course 
curriculum, would be an improvement or not, since it would be rare 
for the system to yield greater attainments against all the objectives in 
question, and more often than not an improvement in one dimension 





Omega, Vol. 7, No. 6 483 


would be offset by diminution of performance in another. Similarly, if 
two courses were to be judged by the same set of criteria, it would not 
be possible to say which were the better, unless one scored more than 
the other on every single yardstick. When people do express prefer- 
ences in a multi-objective situation they invariably do so because they 
judge some criteria to be more important than others; in other words, 
they resort to ranking or weight attribution, but then people’s prefer- 
ences vary and a universally accepted judgement is obviously difficult 
to come by. 

The measurement phase is even more intricate. Take, for example, 
the commonly expressed statement that one of the objectives of a 
course is to impart substantive knowledge to the student. How can we 
determine whether such an objective has been achieved? If we mean 
by substantive knowledge that there is a finite set of facts, figures and 
formulae which the student needs to know, then his level of learning 
can be ascertained through the application of one or several rather 
mechanical tests, and even then it would be necessary to repeat the 
tests at various time intervals after graduation from the course to 
determine the level of knowledge retention. But many people will take 
objection to such a narrow view of the learning process and will argue 
strongly that interpretation, appreciation, judgement, decision-making 
and ability to lead and negotiate are qualities that need to be incul- 
cated or nurtured; these attributes are much more difficult to measure 
by a series of mechanical tests, and when such tests are devised, the 
results are open to many possible interpretations. 

The alternative to objective testing is to solicit views and try to 
establish what attitudes are held by various interested parties, such as 
teachers, students, sponsors, employees, bosses, underlings and so on. 
These attitudes are usually sought by detailed questionnaires backed 
up by some interviewing. I have discussed the many pitfalls in such a 
process of inquiry elsewhere [1] and it would not be appropriate to 
repeat the arguments here; suffice it to say that, even if a true and 
unbiased picture of people’s attitudes can be obtained from such an 
investigation, it may only be regarded-as a rather incomplete profile 
with severe limits on its value for decision making purposes. 

In view of such monumental problems of definition, measurement 
and interpretation, any attempt to evaluate management education as 
a whole must be regarded as a rather ambitious and awesome enter- 
prise. It seems more sensible for an investigator to devote his talent 
and effort to the evaluation of a particular educational programme, in 
the hope that such a case-study will not only provide useful feedback 
to those in charge, but will highlight at least some of the methodologi- 
cal difficulties alluded to above, and possibly many others. 

This is precisely what was done in a study recently published by RM | 
Hogarth [2]. His report concerns the particular programme of 
CEDEP (Centre Européen d’Education Permanente at Fontainbleau 
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in France), described as a half-way house between an internal com- 
pany course and an external course at a business school. The CEDEP 
course (or ‘cycle’) consists of eight residential periods at the Centre, 
their total duration being 90 days, spread over 23 years. The students 
covered by the study were all managers, sponsored by eight compara- 
tively large participating companies (five French, the other three from 
Belgium, Switzerland and Denmark); the study involved some 730 
students (admitted in the 1970s to eleven cycles) with wide ranges of 
age (from under 30 to 50 and over), experience and managerial senior- 
ity, as well as educational background. 

From the 1972 CEDEP brochure Hogarth quotes the following four 
objectives of the programme [2, p. 5]: 


“(1) To allow the acquisition, deepening, and development of basic 
knowledge, concepts, and techniques necessary for the under- 
standing and rational analysis of problems of management and 
the managing of business. 

(2) To develop in the participants decision-making skills appropriate 
to complex situations involving different levels of risk and uncer- 
tainty. 

(3) To develop attitudes of perception and adaptation to the socio- 
economic environment and to create awareness of the importance 
and role of sociological factors both outside and within the com- 
pany. 


(4) To develop attitudes of support and participation in formulation 
of company objectives and strategy in order to ensure profitabil- 
ity, development, and competitivity.” 


While it is understandable that objectives in such circumstances 
have to be expressed in these vague terms (indeed, one would be hard 
put to define them much more explicitly), they inevitably sow the seeds 
of confusion when the design of a measurement methodology is under- 
taken. I have already alluded to the problem of measuring the degree 
of acquisition of knowledge (objective 1), and furthermore views do 
vary as to what basic knowledge, concepts and techniques are neces- 
sary for understanding business and management problems. The 
second objective may seem amenable to objective testing, but the 
design of such tests and their application are fraught with numerous 
difficulties, while the last two objectives involve the development of 
attitudes, and the use of questionnaires to examine this area becomes a 
natural choice. In the event, Hogarth and his research associates 
resorted to questionnaires as their major investigative tool in most of 
the studies they conducted. They did look at some physical variables 
as well, such as the amount of paper and course material thrown away, 
bar receipts, telephone calls, and the frequency of eating out; these 
were regarded as useful indicators of stress and deviation from average 
behaviour, but in the main the studies concentrated on attitude sur- 
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veys: reactions of participants to the programme, their expectations 
from and perceptions of CEDEP and its role in the sponsoring com- 
panies, selection policies for sponsoring participants, perception of 
what had been learnt, of job-related behavioural changes, and of deci- 
sion making style, and many others too numerous to list here. 

If the portfolio of studies undertaken by Hogarth and his co- 
workers had to be summarized, it would relate to various effects in- 
duced by CEDEP with respect to the following categories [2, p. 223]: 


ay 


. Acquisition of knowledge in different disciplines; 
. Acquisition of a more global approach to problems; 
. Increased self-confidence and job efficiency; 
. Greater understanding of and sensitivity to human relations; 
. Decision-making style and attitudes towards risk and uncertainty; 
and 
6. Attitudes and feelings towards the company.” 


Clearly, the degree to wiiich conclusions can be drawn from these 
studies does vary from category to category, and some of the partici- 
pants’ responses were both interesting and illuminating. But my gen- 
eral impression of the results is that they are what you would expect 
them to be: many satisfied customers, some disappointment, some 
criticism of the programme and the teachers, an appreciation of the 
opportunity to learn new subjects, a feeling of increased self-confi- 
dence, a claim for better understanding of the behaviour of subor- 
dinates compared with that of supervisors, and variations in the cul- 
ture and environment of the sponsoring companies. The heterogeneous 
intake to the CEDEP programme probably contributed to the spread 
of some responses, and the value of the course to the individual par- 
ticipant must be conditioned by his background and experience. 

The questions that we have to ask ourselves is whether the mam- 
moth exercise was really worthwhile. I have no doubt that the 
researchers have learnt a great deal from the experience and have 
gained a better understanding of the many difficult problems that they 
encountered. But whether the rest of us have been enriched by their 
experience is debatable. 

Take as an example (and it is only one of many) the study concern- 
ing the participants’ own assessment of what they felt CEDEP actually 
promoted most or least (they were asked to choose from a list of 25 
possible objectives), and the results are ranked below [2, pp. 206, 224]: 


Objectives selected most 


“1. Generalist outlook 
2. Good communication skills—especially listening 
3. Sensitivity towards the social environment 
4. Ability to face up to complexity (e.g. of problems, issues etc.) 
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Ability to tolerate ambiguity and uncertainty 
(era to manage change 

Skill in interpersonal relations 
toad degree of analytical and conceptual skills” 


Objectives selected least 
“ (High technical job expertise 
ss 
3. Ambition 
4. High motivation and commitment to work 
5. Leadership ability 
Courage 
‘UC Humility 
8. Pragmatism” 


With the type of programme mounted by CEDEP these results are 
not in the least surprising, and if the rank ordering had been somewhat 
different it is doubtful whether it would have made much difference. 
There are probably two reasons for this. The first relates to Hogarth’s 
own reference to the proposition that research methodology in the 
social sciences is judged by its properties of validity, reliability and 
generalizability. 1 do not wish to question the validity and reliability of 
Hogarth’s results, both because he has evidently taken as much care as 
was possible under the circumstances to minimize or to isolate many 
factors that tend to undermine one’s confidence in the design of studies 
of this kind, and also because the accuracy of the results is far from 
being crucial to the reader’s assessment of the programme. As for 
generalizability, there can hardly be a claim for that, and irrespective 
of how detailed and meticulously organized a case study is, one swal- 
low does not make a summer. Furthermore, as Hogarth himself admits 
“evaluation is, by definition, subjective, the criteria, purposes, and 
value assessments concerning a programme can vary from individual 
to individual. There is no logical reason why outcomes of an evalu- 
ation should be the same for the different parties concerned”, particu- 
larly since “objectives are not explicit” [2, p. 8]. 

The second reason for having certain doubts about the value of such 
detailed research is that being a kind of a “quasi-experiment” it offers 
an opportunity for model building and for proposing hypotheses. 
Hogarth cites Campbell’s view that “such ‘quasi-experimental’ 
research designs can be valid provided that one can show that ‘plaus- 
ible rival hypotheses’ which might also account for observed effects 
can be disproved” [2, p. 239]. Alas, that is the rub in exercises of this 
kind, since alternative hypotheses do remain plausible and are often 
difficult or impossible to refute. 

SAMUEL EILON 
Chief Editor 
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FEEDBACK 


A Question of Size 


PROFESSOR EILON in a recent Editorial [5] has raised 
sO many important issues that it would need a sym- 
posium report to do justice to the subject. | comment 
here on only a tiny part of the whole, but I believe it to 
be a fundamental starting point for inquiry. My dual 
text is ‘size and complexity impose strain on the infor- 
mation system’ and ‘size tends to impede communica- 
tions’. 

In any large organisation, communication both oral 
and written suffers distortion of many kinds as it passes 
up and down the chain, due to omissions, errors and, 
more importantly, accretions (see, for example [6]). 
This distortion is also affected by the different world- 
views of individuals. Eden [4] has pointed particularly 
to the different views of the organisation, and its func- 
tion, that are held by those who operate within it. 
Theoretically, smaller organisations suffer from similar 
difficulties but, if personal interchanges are sufficiently 
frequent and cooperative, language problems become 
less obtrusive as acommon culture is forged. But it still 
must not be forgotten that the culture developed within 
the organisation is, for each individual, only a part of a 
wider culture. This necessarily affects views of what are 
satisfactory aims, goals and ideals for guiding action. 
We are all probably aware that to create family har- 
mony and cooperation, parents and children have to 
strive for a sharing of, or at least an empathy with, each 
group’s wider culture. 

The same difficulties beset information. What is infor- 
mation for one part of an organisation needs to be 
modified and expressed in a different context and a 
different language for another part. These parts may be 
individuals or identifiable, coherent, groups. Ackoff and 
Emery [3] give a possible starting-point for under- 
standing the inherent complexity of information in a 
behavioural setting. 

Conflict, in the most general sense, is inevitable. It 
can be, often by cooperative intent, both constructive 
and beneficial. How it develops, and how it is con- 
trolled or resolved, depends on communication and 
shared information. Whether or not, for any.organisa- 
tion, we come to the conclusion that ‘big is best’ or 
‘small is beautiful’, we shall be likely to be happier with 
that conclusion if we know more about the particular 
problems of communication and information handling. 
This implies appropriate studies of the existing system 
and suitable theoretical extrapolation to possible new 
systems. 


I suggest, therefore, that an essential component of 
any organisation should be one that is concerned with 
monitoring and inquiring into the ways in which we 
communicate, into the form of our information systems, 
and into our understanding of the cultures of the 
organisation and its separate parts. Such a component 
should provide basic ideas, not only for organisational 
development and information handling, but also for 
personnel management and for industrial and public 
relations. 

All we need are geniuses—or, as I and many others 
[1, 2,7] would have it, the generators of a revitalised 
operational research. 
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The Vroom-—Yetton Leadership Model 


EILON’S editorial makes sense to me. He scholarly 
points out the positive and negative values of the 
model. I agree that it is a somewhat stochastic model. I, 


489 


as a manager, may not have the time to draw a decision 
tree! But the factors or issues that Vroom and Yetton 
ask us as managers at least to consider in the leadership 
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process (note that I said ‘process’) are well thought-out 
and exceptionally perceptive. I myself find the model to 
be prescriptive, relatively normative, and somewhat 
mechanistic. As a manager, all that I must do is to ask 
myself seven questions to decide how to behave in a 
leadership role. But, in seven of the outcomes of the 
decision tree (1, 3, 4, 6(b) 7, 8 and 10), I still have 
another decision to make. And! the answers to these 
questions are most likely a function of me (the 
manager). 

Leadership is a role. A role is a set of expectations 
about how a person ought to behave. If I am a profes- 
sor, there are expectations of others about how I ought 
to behave. If I am a father of three children, there are 
some societal expectations about how I ought to 
behave vis-a-vis these children. Leadership is no differ- 
ent. It is a role. 

There are, for me, four roles in the leadership pro- 
cess. These are: 


@ the expert—the person who gives information and 
expertise to his peers, superiors, and subordinates. 
Don’t worry about looking around for experts! 
Everyone is an ‘expert’. 


@ the facilitator—the person who asks for and elicits 
information and feelings from others. For example, 
“Jim, I know that you have knowledge about this 
issue we are talking about and I also notice a 
scowl on your face. Would you help us with your 
expertise and would you tell us why there is a 
scowl on your face?” Here, I am a facilitator. 
Worry about being a facilitator. It is a difficult and 
sometimes demeaning role. 


@ the coordinator—the person who brings seemingly 
divergent points of view and divergent feelings 
together to make an integrated whole. “Mike—you 
have proposed plan A. Jim—you have proposed 
Plan B. How about taking parts of plan A and B 
and drawing up plan C?” I'm a coordinator here. 
Worry about being a coordinator. It is a difficult 
and demanding role. 


@ the morale builder—the person who knows when 
to tell a joke to ease the leadership process, who 


knows when to say, “Hey, we’ve been at this meet- 
ing for three hours! Let’s go have a stout.” Here, 
I'm a morale builder. Don’t worty about seeking 
out morale builders. They will be there in the lea- 
dership process. 


Four roles in the leadership process—who is a 
leader? A leader in my opinion is the person who: 


@ recognizes that there are these four roles in the 
process. 

@ recognizes that all four must be played for success- 
ful leadership. 

@ is able to play any of the four at any point in time. 

@ is able to play more than one role at any point in 
time. 


Does this mean that the ‘leader’ may change over 
time in any decision-making group? Yes. The leader is 
the one who provides the group with the role(s) that is 
especially lacking at any point in time. The ‘leader pro- 
vides what is needed most (vis-a-vis role performance) 
in the leadership process. 

As leaders, we all have preferred leadership styles. I 
am suggesting that, despite preferences in leadership 
style, a successful leader modifies his leadership behav- 
iour to suit or fit the problem at hand, the people in- 
volved and the situational variables. 

For an earlier, yet still vitally current look at the 
leadership process, see Tannenbaum and Schmidt [1]. 
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Ackoff’s Fables 


PRESUMABLY, OMEGA is so-named to represent the 
spectrum of ideas, Alpha to Omega (Rev. xxii, 13). Since 
there is no fixed number of ideas in this interval, we 
wait for our issues of OMEGA, MANAGEMENT 
SCIENCE, JOURNAL OF THE OPERATIONAL 
RESEARCH SOCIETY etc., expecting further revela- 
tions. 

Great insights have always been in short supply. 
Sometimes they arrive in mathematical or algorithmic 
form, capturing the logic of a process of reasoning 
about relevant relations. Aesop’s Fables provide a dif- 
ferent kind of model for communicating a logical analy- 
sis. The Harvard cases are longer but less robust than 
Aesop’s pithy stories. Both are story-telling methods 
which Eilon describes as “a most successful recipe for 
passing on experience to the uninitiated” [2]. 

To this literature we now add Ackoff’s Fables [1]. Is 
this latest text yet another volume added to a plethora 


of clever stories with trick endings. I do not think so. 
Ackoff has an original way of perceiving situations, an 
unconventional framework for analyzing and synthesiz- 
ing systems and a broad set of experiences to draw 
upon. What he writes about cannot be captured in 
mathematical or algorithmic form. It would be a loss if 
he decided to respect rigor and thereby keep his fables 
for lectures alone. 

I am sympathetic to Eilon’s wariness of cases and 
stories. The license one takes in constructing a story is 
evident for all of us, but caveat emptor has always app- 
lied to the reader and listener. There is no consumer 
protection agency that can demand total veracity from 
a story teller to protect the unwary. And we all learn to 
judge for ourselves what part is literary, what part rhe- 
toric, what part countable and what part imaginative. 
That exercise alone may justify the story mode of com- 
municating ideas and concepts. The buyer beware is 
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always aware, and so I do not worry for the wary. I 
would rather read about insights which “If they are not 
true, they ought to be” than about perceptions which 
are true, but mundane, ordinary, expected and dull. 

I compliment Eilon for his head-on analysis of this 
form of communication. His statement that “objectives 
are not what they seem to be” and his clarification of 
constraints apply to Aesop as well as Ackoff. But the 
existence of concepts for better ways to listen and 
appraise does not negate the benefits to be derived from 
stories. 

Perhaps story telling is ‘alluring’ but that which is 
alluring is so in the eyes of the beholder. Surely an 
intelligent listener can differentiate between false allure 
and the allure of truth. Stories do not have to be defi- 
cient because they are simple. They may be deficient 
because they are complex. As Stuart Chase observed, 


“common sense is that which makes us think the world 
is flat”. 
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A selective and critical review of the state of the art in Energy Forecasting as perceived in assessing 
future interactions between fuel and feedstock availability for the chemical industry. Models are 
required of Energy supply and demand and their interaction through the energy ‘narket which is 
subject to national and international policies and conflict and to environmental restrictions and 
legislation. Significant advances have been made in modelling supply but neither an economic nor a 
technological approach alone is adequate for modelling demand. In particular there is lack of an 
adequate model of the industrial sector that reflects the diversity of the production function and 
adequately incorporates the relationship between technological change, capital investment and 
energy usage. In the UK the structure of industrial models is over constrained by the aggregation- 
structure of the national energy statistics. The economic and political forces required to bring about 
major changes in the capital infra structure are often ignored. There is need to establish logical 
lower practical limits to energy usage, to develop a system logic structure that provides transfer 
parameters between various levels and type of aggregation, to develop models which allow prob- 
ability distributing of variables to be included and to model more effectively the interactions across 
the boundaries of economics, social and political science, physics, chemistry and mathematics. 


INTRODUCTION induced major changes in attitude towards 
energy demand and supply and with it exten- 
sion of the scope and volume of energy fore- 
casting and the wide publication and debate of 
the forecasts. Like the debate on ‘Limits to 
Growth’ there is polarisation into ‘prophets of 
doom’ and ‘technological and economic 
optimism’ with frequent and conflicting public 
pronouncement. 

Energy forecasting has become a multi-per- 
son game played according to a variety of 
rules—often not specified—and using models 
that range from the ‘back of the envelope’ to 
highly sophisticated and complex computer 
simulations incorporating assumptions that, 
even if fully understood by model designers, 
may not be communicated to the user or are 
liable to be overlooked in use. The literature is 
extensive and this paper does not attempt a 

‘A paper prepared for presentation and discussion at complete review of the available techniques 
the Third International Research Conference on Oper- and theoretical approaches, but focuses selec- 
ational Research and Management Science, organised by tively on certain deficiencies perceived by the 
the University of Sussex and held at Bowness-on-Winde- ; ; ; : 
mere, April 3-6, 1979. author in assessing future interactions between 
? For simplicity in terminology electricity is classed as a fuel and feedstock availability for the chemical 
fuel. industry. 

493 


THE FORECASTING of expected future 
demand for a fuel? has long been an essential 
factor in investment decisions by fuel pro- 
ducers, whether public or private owned. In an 
era of continuing increase in fuel consumption 
and decreasing cost of oil (by a factor of 2.6 in 
real terms from 1950 to 1970) forecasting was a 
relatively simple process of projecting an in- 
crease in demand from historical trends and 
expected future market penetration. The conse- 
quences of over estimation of demand were not 
serious, being a lag in obtaining maximum 
capital utilisation that was small relative to 
plant lifetime. The near sixfold increase, in real 
terms, of the price of oil-from 1970 to 1977 and 
the perceived prospect of further increase has 
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Fic. |. The energy system. 


DESCRIPTION OF THE PROBLEM will have been only one of the decision vari- 


AREA ables. ihe emphasis given by the capital equip- 
ment producer to economy in fuel consump- 
tion will depend on his perception of the future 
significance to the consumer as perceived at the 
earlier time of research, development and 
design for production. 

The amount of fuel consumed by the user 
may fluctuate diurnally and seasonally and, to 
a varying degree, is sensitive to fuel price. 

The fuel producer, based on an earlier per- 
ception of future demand and return on invest- 
ment, has made decisions on deployment of 
resources on exploration and on capital equip- 
ment for extracting, refining and/or converting 
the fuel into the form required by the user. The 
production capacity has to be adequate to 
meet fluctuations in demand. Still earlier in- 
vestment in research and technology will have 
determined the capital investment options 
open to the producer. 

The interaction between user and supplier is 
through the energy market, that for oil is inter- 
national and for other fuels much less so. This 
‘Throughout this paper it is implied that costing of Market is subject to national tax policies and 
options includes labour. regulation, to the policies of a powerful cartel, 


The real life problem area is depicted in the 
model of Fig. 1. 

At any point in time the fuel user makes 
decisions on investment in fuel using capital. 
This decision may be restricted to a specific 
fuel e.g. a liquid fuel for transport or fuel of a 
particular chemical composition as a chemical 
feedstock, or may be a more universal require- 
ment for heat or power, that could be provided 
by one of a number of fuels. In the former case 
the decision variables are mainly capital invest- 
ment, fuel consumption and price’ whereas in 
the latter case the decision variables will in- 
clude, through the choice of fuel, the perceived 
future relative fuel costs and consumptions, 
convenience, security of supply and environ- 
mental pollution. 

The fuel consumption of available capital 
equipment will depend on prior decisions made 
by the producer, in which fuel consumption 
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Fic. 2. Flow of energy through capital. 


OPEC, and to disruption by internal and inter- 
national conflict and to environmental and 
other value judgements of groups and organi- 
sations that influence policy and legislation. 
The objective of energy forecasting is to aid 
policy decisions on investment in research 
technology and capital by both user and pro- 
ducer and to aid governments in formulating 
energy policy. 
Some factors that are significant in the system 
are: 


@ the interaction between technology and 
the capital equipment of producer and 
user that determines the flow of energy 
necessary to produce the desired utility for 
the user (Fig. 2)*; this flow is constrained 
by the laws of physics, in particular that 
the flow of heat and the conversion of heat 
to work depends on temperature differ- 
ence? ; 


@ the availability of skilled manpower for 
research, development and design; 


@ the relationship between user utility and 
economic cost; 


@ the interactions of the national and inter- 
national economic markets, including the 
dynamics of large perturbation; 





* Direct use of solar energy for the user is a redirection of 
flow by and through the users capital. 

* Energy ‘conservation’ is a misnomer; energy is conserved 
by the laws of nature. The requirement is to produce the 
desired utility by a minimum flow of heat (Q) and a mini- 
mum loss in flow potential, i.e. to minimise the increase in 
entropy of the system and its environment. 


OMb. 76-8 


@ the stimuli and constraints generated by 
group, national, international and cartel 
behaviour; 


@ the national and international policies of 
governments; 


@ the value placed on national energy or fuel 
independence. 


The model of Fig. | may thus be expressed 
in the alternative form of Fig. 3; components of 
forecasting models thus range from a descrip- 
tive model of group behaviour to experimental 
and pilot plants. 

There are two modes of use of forecasting 
models, as a source of information or as an 
interactive tool to explore the effect of decision 
options. As an information source it is axio- 
matic that the data supplied is related to speci- 
fied assumptions of policy, behaviour and con- 
straint and should be expressible in terms of 
probability distributions conditional on the 
occurrence of the assumptions. Typical infor- 
mation requirements are: 


@ energy demand/supply by fuel; 
@ fuel price and availability; 


@ effect of fuel price on cost of materials, 
capital, labour; 


@ effect of fuel price on future markets; 
@ timing of any major fuel substitutions; 


@timing of any major energy induced 
material substitutions. 
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Fic. 3. Energy system interactions. 


As an interactive tool the model(s) should be 
usable at any level—industry, sector, nation, 
group of nations, world (Fig. 4) with the higher 
levels constituting the environment of the 
lower.° 

This is not to say that a large universal 
model is required. 

The interfaces between models at various 
levels should however be designed to permit 
the degree of aggregation or disaggregation to 
be chosen to suit the particular issue being in- 
vestigated. 


AVAILABLE TECHNIQUES AND 


APPROACHES 


It will be convenient to consider these in 
order: 
Energy Supply 
Energy Demand 
Interaction of supply, demand and policy 


Energy supply 


The projected future supplies of oil and gas 
and in particular the domestic production of 
non OPEC countries that can satisfy a signifi- 
cant proportion of their needs (eg. US, 
Canada, UK) is a major factor in energy fore- 
casting for those countries. Expected decline in 
production is thus linked to the need for pro- 
jecting the substitution of oil by liquids derived 
from shale oil, tar sands and coal and substitu- 
tion of natural gas by gas derived from coal 
and by direct substitution of oil and gas as a 
boiler fuel by coal or coal gas. 

At the simplest level a descriptive model is 
- used to classify fossil fuel resources in the form 
of a set diagram such as Fig. 5, with appro- 
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Fic. 4. System and environment. 


priate tonnes inserted, in the main based on 
experience and judgement; confidence limits on 
the estimates may or may not be given. The 
existing industry is based on ‘demonstrated 
economic resources’ shown in the top left hand 
corner, the proportion that is considered re- 
coverable being dependent on economics of 
‘enhanced oil recovery’ techniques; the price of 
oil that is ‘economic’ is seldom stated. Re- 
covery rates are often based on maintaining a 
given number of years reserve. The develop- 
ment of more formal models received a major 
impetus from the work of Hubbert [9] who 
showed that in the US Petroleum Industry the 
discoveries (10° BTU/ft drilled) had declined 
exponentially (1950-70) with cumulative feet 
drilled. Models have been developed relating 
the marginal cost of production to cumulative 
“production, of which Fig. 6 is a typical output 
incorporated into a complete resource-demand 
model [4], that has been adopted by the US 
Dept. of Energy. It should be emphasised that 
these curves are for marginal cost of produc- 
tion and that supply demand elasticity will 
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Fic. 5. Fossil fuel resources. 
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depend on taxation and depletion policies; a 
policy of constant revenue (as adopted by Nor- 
way) will give decreasing production with ris- 
ing market prices. Another example is [5] that 
incorporates explicit representations of explor- 
ation, reservoir development and production. 
The discovery history of a region and other 
geological data are inputs to a statistical analy- 
sis of the exploratory process. The resulting 
estimate of the size distribution of new reser- 
voirs is combined with an evaluation of reser- 
voir economics—taking account of engineering 
cost, oil price and taxes. The model is applied 
to the North Sea in [5] and shows a low sup- 
ply elasticity with the preponderance of North 
Sea Oil economically recoverable at a $9 price. 


Oil 
Million 
Torines 


400 


Historical 








US. 


The state of the art is summed up by the 
authors as; 


“Much remains to be done. Yet even in its primitive 
state this disaggregated method appears to be a signifi- 
cant addition to our existing procedures for forecasting 
oil supply.” 


The significant and wide divergencies that 
occur are illustrated in Fig. 7 which compares 
the dynamic modelling of Ref. (2) with the 
‘workshop’ approach of group estimation (4). 
Whilst in reasonable agreement on the AD2000 
supply the dynamic response, on the one hand 
continues the post 73 down trend, and on the 
other reverts initially to continuing growth. 

For substitution fuels, particularly coal de- 
rived, the cost estimation is dominated by esti- 
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Fic. 7. Comparison of US oil production forecasts. 
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mates of conversion efficiency and capital cost 
and is sensitive to the mix of produts; conver- 
sion efficiencies are often grossly overestimated 
[15]. For many new processes information is 
only beginning to become available from small 
scale demonstration plants. Comparative 
studies and assessments, conducted by teams of 
engineers, analysts and economists on a multi- 
client subscription basis is a major industry in 
the US. The transition from natural oil to sub- 
stitute is clearly dependent on the ‘break-even’ 
price between the two. This ‘break-even’ is 
showing a marked tendency to recede [7] with 
an increasing cost ratio between the substitute 
and natural product. Various theories are 
advanced from more realistic estimates of capi- 
tal cost to a general inflationary effect of in- 
creasing oil price. There is a complete lack of 
an adequate model for forecasting the differen- 
tial cost movement of plant cost relative to 
energy costs and other factors. 

Similarly assessment of nuclear power and 
‘renewable’ resources based on sun energy col- 
lected by natural or artificial means is 
dominated by estimation of capital cost and 
confidence in competing technologies at very 
different stages of experience. 


Demand 


The approaches to demand estimation may 
be broadly classified into ‘economic’ and ‘phy- 
sical’. In the former, attempts are made ‘top 
down’ to derive relationships between econo- 
mic variables and the use of energy and to use 
these as a basis for extrapolation into the 
future; in the latter, estimates are made ‘bot- 
tom up’ of the amount of energy required for 
particular usages and postulates are then made 
on how this will change in the future. 

The simplest economic attempts at demand 
estimation link growth in energy consumption 
(E) to growth in GNP or GDP (P) through the 
elasticity 


even if the elasticity were to exhibit consistent 
behaviour it is argued that it is too gross to 
reflect the many interactions within demand 
[3]. The position on individual elasticities for 
fuel demands and cross elasticities for substitu- 
tion is summarised in the Report of the Work- 
ing Group on Energy Elasticities [13], that 
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gives 59 references; 


“From the available data it is not possible to derive a 
full set of UK energy elasticities with useful accuracy. 
Estimates of future patterns of fuel consumption have 
therefore to rely on a variety of techniques adapted to 
the information available in each area on factors such as 
supply constraints, economic and political objectives and 
taking account of general technological information and 
judgements about, for example, the rate and extent to 
which consumers would respond to large energy price 
rises”. 


On the other hand it is argued that an index of 
the ratio of total energy consumption to GNP 
for the US between 1880 and 1975 reveals three 
distinct periods first of increase (1880-1920) 
then of decrease 1920-45 and since 1945 no 
persistent up or down trend, albeit with fluc- 
tuations [14] and that consequently major 
forces will be required to depart significantly 
from this constancy. The author argues inter 
alia that greater attention has to be paid to 
engineering data and comparative interna- 
tional practices which set forth the range of 
feasible technological alternatives that might 
become economically attractive as energy 
prices rise and criticises the assumption in 
most econometric energy models that the 
conditions under which energy is supplied in 
the future will not impede iuture productivity 
growth. 


“Both capital formation and productivity are taken to be 
unrelated to energy development in most models.” 


In the sectoral approach to demand estimation 
used by the UK Dept of Energy [17] and other 
workers [3] the division adopted is shown in 
perspective in Table 1 which gives the 1977 
consumption. 

In the ‘physical’ approach, domestic demand 
is separated into space heating and electrical 
appliances (ownership approaching saturation) 
and the estimation of reduction in heating 
demand through insulation which requires 
the response time of the householder to be 
modelled. Commercial and Public Administra- 
tion requires estimates of heating and lighting 
and electrical equipment; direct consumption 
by agriculture is very small. 

Modelling Transport starts from estimated 
travel demands, road and air dominating; 
growth in number of cars per household and 
estimates of improvement in consumption. 
Longer term studies have been made of the 
possible substitution by electric vehicles [6]. 
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TABLE 1. UK ENERGY CONSUMPTION 1977 





Energy delivered 





Domestic 


Commercial public administration and agriculture 


Transport 
Iron and steel 


Other industry (inc. chemical feedstock) 


Oils, etc. 


Losses in energy industry 


Gross Primary Energy 





Turning to industrial energy demand the 
need for a disaggregated approach is illustrated 
in Fig. 8 which shows, by sector, UK energy 
usage per £ added value. Added value is 
selected as an index, being both the constituent 
component of GDP and a measure of the com- 
bined cost of labour and capital. (See Appendix 
for note on the UK industrial Energy Statis- 
tics). 

In the ‘economic’ approach, energy is of 
course only one of the factors of production. 
There is considerable attention in economics 
literature to generalised production functions 
that link the volume of production to the capi- 
tal and labour employed through log-log func- 
tions, such as the Cobb-Douglas [12]. With 
the growing interest in energy as a factor of 
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_ production, production functions are being in- 


vestigated that include energy, disaggregated 
into individual fuels [8]. There is much discus- 
sion whether energy and capital are comple- 
mentary or substitutable (i.e. energy can be 
saved at the expense of more capital); reference 
[8] indicates that the relationship between 
energy and non-energy inputs is predominantly 
that of substitution. Whatever relationship has 
obtained in the past, however, there is no im- 
mutable physical law that this relation must 
obtain in the future and some recent work in 
the chemical engineering field indicates that, by 
appropriate thermodynamic design, both capi- 
tal and energy can be saved [11]. 

Reference [3] starts with a disaggregated 
approach to industrial energy usage comparing 


UK 1976 
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Fic. 8. UK energy usage for £ added value. 
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historical trends in energy usage (heat supplied) 
with unit of output of each manufacturing in- 
dustry but then deduces that: 


“there is no way of accurately predicting changes in the 
composition of manufacturing output over two decades 
nor technical change which could result in shifts in 
energy consumption between the various sub-sectors.” 


Reference [3] then reverts to assumptions 
about the growth of manufacturing production 
and the elasticity of energy usage in relation to 
output. 

There is, to the author’s knowledge, no 
model of the industrial sector that incorporates 
adequately, 


@ the diversity of energy labour and capital 
usage hat 1s evident in Fig. 8; 


@ the relationship between technical change, 
capital investment and energy usage; 


@ practical physical limitations to reduction 
in energy usage’. 


Recent informal enquiries at a senior level in 
the US Department of Energy brought the res- 
ponse that, compared with resource modelling, 
there is a major deficit in capability to model 
the industrial sector that could take some five 
years to fill. 


Interaction of supply, demand and policy 


At the simplest level of energy forecasting, 
no account is taken of the interaction between 
supply and demand nor of the political factors 
that would be involved in implementation. For 
example, during the writing of this paper Refer- 
ence [10] was published. This is a very detailed 
sectoral analysis of energy usage, leading to 
est'mates of reduction in energy usage that 
should be possible by technological change; a 





’ The term ‘useful energy’ is often used, the ratio of ‘useful 
energy’ to ‘energy supplied’ being efficiency of usage. 
Whilst the second law of thermodynamics enables a limit- 


ing efficiency to be defined for a heat engine (Carnot cycle), » 


a reversible process with zero increase in entropy can only 
proceed infinitely slowly. Any practical process must pro- 


duce an increase in entropy of the system plus environ- 
ment, that is related to the rate at which the process takes 
place and thus sets a practical upper limit to efficiency of 
energy usage. There are thus many cases in which ‘effi- 
ciency’ has no well defined meaning. The thermodynamics 
of systems operating at finite rates is only recently begin- 
ning to receive attention [1]. 


Stratton—Energy Forecasting 


very large number of assumptions on realising 
potential savings are involved, which are based 
on numerous illustrative examples. It is then 
assumed that the numerous investment deci- 
sions will be made by individuals, and indus- 
tries in a timely manner, without consideration 
of the economic and political forces required to 
bring about this transition. The magnitude of 
these forces that would be required may be 
judged from the conclusion that a doubling 
and tripling of the UK GDP by 2025 can be 
accommodated within an energy consumption 
that is less than or about equal to the 1973 
consumption. 

By contrast, Reference [16], which develops 
the same thesis (for the USA) that energy con- 
servation can bring about a stabilisation in 
energy demand with rising GDP, compares the 
capital investment for conservation with that 
for increasing energy supply and then declares: 

“Ou. proposed policy for accelerated energy conserva- 

tion depends heavily upon mandatory measures to im- 

prove end-use efficiency. This approach will inevitably 

raise arguments against tampering with the so-called 

‘free market’. Direct intervention must be considered, 


however, because price alone cannot provide sufficiently 
strong motivation for accelerated conservation.” 


This interaction between open market forces 
and policy is incorporated formally into th. 
model of Reference [4]. In the demand part of 
the model energy consumers make decisions to 
utilise oil, gas, coal and electricity based on 
both price and availability of the fuels; energy 
producers, in turn, choose to invest in the pro- 
duct that maximises the industry rate of return 
subject to environmental constraints and mar- 
ket limitations. 

The interaction is dynamic; as conventional 
resources are depleted the costs and prices of 
oil and gas rise. On the demand side, price 
increases encourage consumers to conserve 
energy and shift away from oil and gas towards 
coal and electricity. On the supply side, rising 
conventional production costs stimulate 
domestic oil and gas producers to develop 
alternative sources of oil and gas. 


The effect of government energy policies 


(such as price de-regulation, research and de- 
velopment or environmental legislation) can be 
simulated and the model user can alter the 
model’s decision rules to match government 
policies. (The model predicts that even with 
vigorous US Government energy policies the’ 





Omega, Vol. 7, No. 6 501 


future situation is much more pessimistic than 
most energy studies allow.) 

The model is essentially deterministic and 
the author is not aware of any model that in- 
corporates probability distributions of vari- 
ables. 


SUGGESTIONS FOR FURTHER 
DEVELOPMENT 


A high degree of disaggregation in modelling 
demand appears inevitable and there is par- 
ticular need to improve our capability to 
model the industrial sector. In the UK the 
structure of models of the industrial sector is 
over-constrained by the aggregation and struc- 
ture of the national energy statistics (Appendix) 
and in particular the following need to be indi- 
vidually identified ; 


@ sectors producing basic materials (metals, 
plastics, wood, paper, cotton, wool, glass 
etc); 


@ components of the engineering group; 
@ the construction industry. 


This would enable a restructuring in which 
the total energy requirements to produce the 
materials used by the economy and to provide 
the capital for manufacture, material and 
energy conversion can be clearly identified. 

An important area for further development, 
particularly for modelling the industrial sector, 
is the relationship between increase in entropy, 
energy usage, capital, and process rate to estab- 
lish logical lower practical limits to energy 
usage. 

A particularly important ‘macro’ problem is 
the development of a system logic structure 
that provides transfer parameters between 
various levels and type of aggregation. For 
example, the interface between an ‘economic’ 
and a ‘physical’ model can still be familiar par- 
ameters such as elasticities, which are no 
longer historically derived but generated in 


another model. Similarly input-output 
matrices can be used but with variable coeffi- 
cients derived from a physical industry produc- 
tion model. 

The need for development of a model which 
allows probability distributions of variables to 


be included has previously been mentioned; 
this is a fundamental deficiency in our ability 
to model large stochastic systems. 

In conclusion, energy forecasting is a typical 
large ‘messy’ problem wherein: 


@ Relatively small differences in projections 
of supply and demand over the time scale 
of implementation represent major differ- 
ences in investment policy; 


@ physical laws and technology constrain 
the available options but individual and 
organisational behaviour determine the 
implementation; 


@ sets of individually reasonable assump- 
tions can be chosen that support a wide 
range of different forecasts. 


An approach solely from economic model- 
ling depends on elasticities that, even if deter- 
minabie are functions of the existing capital 
infra structure and existing individual and 
organisational values. An approach solely from 
physical analysis, and in particular reductions 
in energy usage, whilst it may define potential 
new capital infra structures, cannot determine 
the time scales and dynamics of implemen- 
tation nor the changes in values and policies 
that would be necessary to bring about imple- 
mentation. 

We have thus returned to the starting point 
with the need for the future to model more 
effectively the interactions of Fig. 3 across the 
boundaries of economics, social and political 
science, physics, chemistry and mathematics. 
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APPENDIX 


Statistical data 


Official publications in the UK contain massive detail 
on the conomy down to annual gross sales, added value, 
number of employees, wages and salaries, investment in 
various types of capital for each Order in the Standard 
Insustrial classification (SIC) and nearly every Minimum 
List Heading (MLH) into which the classifications are 
divided [9]. The Digest of UK Energy Statistics groups 
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industrial energy consumption as follows: 


Iron and Steel 
Engineering and 
other metal trades 
Food, Drinks and 
Tobacco 
Chemicals and 
Allied Trades 
Textiles, Leather 
and Clothing 
Paper, Printing 
and Stationery 
Bricks, Tiles, 
Fireclay and other 
Building material 
China, Earthenware 
and glass 

Cement 

Other trades 


Order VI MLH 311 

Order VII to XII inclusive approx 
MLH 321, 22, 23 

Order III 


Order V plus MLH 263 
Order XIII, XIV, XV 
Order XVIII 


Order XVI MLH 461 and 469 only 


Order XVI MLH 462 and 463 only 


Order XVI MLH 464 

Order II excluding MLH 101, 104 
Order XVII, XIX, XX 

Order XXI MLH 603 only; MLH 
892 


Reference [9] uses the following classification : 


Energy Industries 


Order IIT MLH 101, 104 only 
Order IV less MLH 263 
Order XXI MLH 601, 602 only 


The data on Order and. MLH used in the Energy Digest 


is not given in official publications; the above list was 
obtained verbally from the Dept of Energy. 

Inconsistencies occur in many published papers in the 
fuels and feedstock used by the chemical industry. In 
Energy Digest petroleum feedstock (naphtha) is listed as 
part of ‘non energy’ use and is not included in the above 
listing for the chemical industry. Natural gas used as feed- 
stock is, however, included. 

A major defect in Energy Statistics is the high level and 
type of aggregation used wherein: 


@ energy intensive material production e.g. aluminium 
and other metals, paper, is included with the less 
energy intensive production industries 


@ ihe construction industry is lumped with “other 
trades” 


@a wide diversity of industries is aggregated under 
“engineering” 


Reference [9] Business Monitor Census of Production 
PA1000 HMSO. 
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Values that are held by individuals, or jointly-held values that are attributed to organisations, 
affect all stages of the process of decision. It is often difficult to determine how and whether 
the value systems of decision-makers and analysts should affect the analysis that is carried out; 
to know what these values are and how to measure or describe them; and to put numbers to 
values, or the consequences of values, if these are to be represented in models. This paper does 
not attempt to define the way in which value systems are created or used. It does not deal with 
value systems as they are treated by decision analysis and theory, both because these ideas are 
well-documented, and because it seems to me that the attribution of utilities and subjective probabi- 
lities, and an appropriate axiom structure, may be impossible or misleading. Arguments for a 
different approach are given in Part 1, and it is suggested that something less prescriptive and 
less precise is needed. Part 2 looks at some of the more hopeful ways in which this is being, 
or might be, attempted. The philosophy generally is to help decision-makers to use their own 
values with more insight, rather than for these to be defined and used by the analysts. Directions 
in which further research should be encouraged are thereby implied. Part 3 looks at a number 
of associated ideas which might well be seen as further material for debate. The paper concludes 
with these, but it does not draw conclusions. It is presented as a basis for discussion and is 
necessarily biassed by my own values. 


PART 1—INTRODUCTION AND of situations. In any one of these, however, 
INTENTION FOR DISCUSSION there are likely to be conflicting beliefs and 
Values and beliefs values, and the compromises made may not 
have any obvious basis. It is commonplace that 

IF WE ARE to get good measures of behav- 


; ‘abl d d mari ‘people’s actions belie their beliefs’. 
ler SN: WE. Ree: See Cee In a draft for a forthcoming book, Subjective 
definitions of the terms used to describe them. “sae . 
We d h h definiti i Worlds‘in Policy and Organization, Colin Eden, 
: . es wer po — xg ’ oo ©" Sue Jones and David Sims discuss values under 
value and belief: definitions that might serve the provocative chapter-title of ‘Beliefs about 
are by no means agreed. The treatment, by Values’. They do not find any depth of under- 
Ackoff and Emery [1], of these and other con- standing of individual or organisational value 
oes makes - clear that the context of the systems in the literature, nor do they pretend 
choice ae on affects any absolute state- that they have yet achieved such understanding 
ments, including measures, that might be made. for their own purposes. In setting down my 
We - always ask people about their values, own thoughts as a guide for discussion, | offer 
but, in the end, we can only infer what values 1 more than a statement of what I think I am 
they appear to hold by analysing their behav- 


: ‘achudi hei be talking about. 
i NS SD NEE SS 8 SERIES Values and beliefs are vague and shifting 
‘A Paper prepared for presentation and discussion at bases for guiding choice (although in certain 


the Third International Research Conference on Opera- contexts, beliefs might be held to be deeper and 
tional Research and Management Science, organised by 


the University of Sussex and held at Bowness-on-Winder- to change only slowly). They are personal rules, 
tere, April 3-6, 1979. sometimes shared with others. They are created 
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from data accumulated over a lifetime. They 
are seldom made explicit, certainly never fully 
explicit, and, even when relevant, they are not 
necessarily used. The failure to use relevant 
rules may be because the situation is not clear, 
because there has not been time to process 
data, or because the set of available rules are 
neither complete nor mutually consistent for 
the particular choice-situation faced. Probably 
all of these reasons operate together to some 
degree. It is perhaps as a consequence of these 
reasons that the words ‘value’ and ‘belief’? may 
conjure up different concepts at different times 
and for different people. 

At the simplest level of appreciation of what 
value systems and belief systems may comprise, 
we could consider three distinct concepts. 
Values might be seen as a sub-set of beliefs, 
elemental beliefs which enable more elaborate 
beliefs to be formed. Alternatively, beliefs 
might be seen as a sub-set of values, that is, 
values of a special kind. The third concept 
would treat beliefs and values as separated sets 
that interact strongly: values might be formed 
to accommodate better a belief, or beliefs 
might be formed as a consequence of values. I 
can see no reason why any of these concepts 
should be thought to be ‘wrong’. I am prepared 
to regard belief and value systems as very fuzzy 
sets, with ideas in the universe having some 
degree of membership of each. 

This does not imply that I think that a fuzzy 
calculus should immediately be applied, so 
as to bring values into a category compatible 
with the measurement-categories of statements 
about the nature of physical characteristics and 
events. Indeed, we do not yet know how to 
do this. But in seeking ways of dealing with 
values, it would be wise to recognise that we 
may be unable to progress further than fuzzy 
measurements in our search for OR (Opera- 
tional Research) methods of incorporating 
measures of value, at least in the forseeable 
future. We may not even get that far. 


Utility and value 


The concept of utility, something which 
measures the usefulness of possessing some- 
thing or doing something, is far from simple. 
Also, as a word, it may confuse. I observe that 
it is not used in either of the two major books 
by White [45,46] on decision, nor by Ackoff 
and Emery [1] except as a special case of inten- 
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tion. On the other hand, value, except in a 
more or less financial sense, does not seem to 
be a word much used by Lindley [32]. 

Sometimes, utility and value are, in the tech- 
nical sense, used synonymously; in such cases, 
there is an implicit concept of an absolute use- 
fulness and worth, the measurement of which is 
an ideal in Ackoff’s sense [1]. Such a measure- 
ment would stem, in theory, from an assess- 
ment of the absolute merit of some choice in a 
defined situation, and there is an underlying 
assumpticn that some true definition and 
measurement of value is achievable and is 
known to and accepted by those making and 
using the assessment. In practice, we can only 
move towards such an ideal of measurement: 
any so-called utility measure can be no more 
than a surrogate for value in the ideal sense. 
However, in some contexts, value will have, or 
will be understood to have, a more pragmatic 
meaning, something akin to market value. It 
may then be seen as a useful surrogate for uti- 
lity and indeed may be treated as if it were a 
true measure of utility. There is no doubt that 
concepts such as utility and value are necessary 
and can themselves have utility and value; but, 
inevitably, the way the words are used raises 
both semantic and operational problems. 

Decision-theory is important and I do not 
doubt its considerable conceptual value. How- 
ever, decision-theoretic approaches, based on, 
for example, maximum expected utility theory, 
do not satisfy me as practical tools for general 
use. The measures required by theory not only 
have to be ideals (not surrogate measures), but 
they have to be special measures obeying a 
logically complete set of axioms on preferences 
(implying value judgements). Theoretically, it 
is not possible for an individual’s action to be 
in accord with his ‘real intentions’ unless he 
maximises expected utility. Only by denying 
the impossibility of attaining ideals, can I 
empathise at all with a cri-de-coeur of Lindley 
when replying to a paper by Tversky and 
Suppes [33]. 


“There is one comment that I would like to address to 
psychologists present. Why do you spend your time 
studying how people make decisions, when we know 
how they should make decisions? Would it not be better 
to devote your energies to teaching them the principles 
of maximum expected utility?” 


In part, Lindley’s advice has been taken. 
Kaplan and Schwarz [28,29] have put 
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together two volumes of papers on human 
judgement and decision processes which in- 
clude ones which treat applications of decision 
theory—they also draw attention to new 
approaches by psychologists which operational 
researchers might well borrow; in particular, 
Social Judgement Theory, which aims to help 
people to understand better their own necess- 
arily subjective processes (chapters by Ham- 
mond, KR et al. in [28, 29). 

Three chapters in [28] are of particular in- 
terest in the context of decision theory. Gar- 
diner and Edwards treat multi-attribute utility 
measurements in such a simple and direct way 
that the mechanical nature of what they are 
doing is emphasised. Ironically they conclude: 
“We know of no public context in which even 
limited experiment with the methods we advo- 
cate is occurring”. Coombs purports to show 
that subjectively expected utility theory does 
not reflect human behaviour. He tests what he 
calls ‘portfolio theory’, which assumes a single- 
peaked preference function over risk. He con- 
cludes that his is a more satisfactory descrip- 
tive theory. One can, of course, argue that risk 
is thereby shown to have utility for some 
people so that the earlier numbers, treated as 
utilities, were poor surrogates. Shanteau, like- 
wise, studying an _ information-integration 
approach to decision-making, finds that the 
additive utility hypothesis does not hold, 
which, by definition, implies that his measures 
fall short of the ideal. 

By the very complexity of judgement and 
decision, it cannot be surprising if measures of 
utility fall far short of what is intended. But 
for most decision analyses, difficulties are com- 
pounded by the need to assess probabilities 
associated with future events. Often when a 
decision is made, it is as if such probabilities 
had been used. However, the processes used 
to establish these probabilities, as if they were 
absolute properties of an individual’s values 
and beliefs, are not easy to accept; fuzzy logic 
moves away from probabilities for similar 
reasons. There may be cases in which probabi- 
lities associated with value judgements are 
usefully measurable, but the conditions might 
be stringent: for example, fairly simple, 
well-understood problems, with the person 
taking the decision being also in control of, or 
in full sympathy with and understanding, the 
analysis. 


A proposed framework for discussion 


To debate, over a short time, the issues 
raised so far, would no doubt be exciting and 
controversial, but it would not perhaps be 
profitable. I therefore wish my statements to be 
taken, initially at least, as indicating why I seek 
softer scientific approaches to the task of deal- 
ing with values within OR studies. The pro- 
cesses I seek are to help people to formulate 
and understand their own problems more 
clearly; or to help people in their task of mak- 
ing the final choice, when analysis of the deci- 
sion has gone as far as it can in the task of 
presenting the pros and cons of alternative 
choices. 

My intention in Part 2 is, therefore, to iden- 
tify, and describe briefly, processes which seem 
to fall into the desired categories in some res- 
pects. There is almost certainly research of the 
same general type, perhaps even applications, 
of which I have not heard. To get a more com- 
prehensive list of such research is one purpose 
that I have in mind. 

Another purpose is to discuss what limi- 
tations there are on providing a theoretical 
basis for such research. The relationship of 
trust between analyst and client, and the nature 
of communication and interpretation required, 
are likely to differ from what is deemed to be 
normally satisfactory in OR. At a less demand- 
ing level, statements of methodology would be 
valuable: since values pervade all aspects of all 
studies, such statements should have a wide 
applicability for improving the practical im- 
pacts of less demanding studies, in which OR 
is already relatively successful. 

Also, I believe that we need to discuss whose 
values and beliefs we are concerned with. In an 
organisation, the decision-maker is a somewhat 
unreal concept. There may be a responsibility- 
taker (an idea borrowed from Professor M 
Shubik of Yale University). His values are im- 
portant but perhaps no more important than 
the values of others who take part in, and 
affect, the decision-process. These others in- 
clude some who are outside the organisation, 
and in particular, they include the analysts who 
may be inside or outside. 

The concept of the values of an organisation 
are complex. I hope that we can accept this 
complexity as resulting from the various inter- 
actions between individual values, without 
going too deeply into semantic argument on 
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concepts such as power. I accept however that 
the interactions have to be discussed and un- 
derstood to some extent, so as to be able to 
perceive which methods acknowledge ade- 
quately the part played by values in organisa- 
tions. Some of the larger-scale societal problems, 
for which OR should aspire to offer resolutions, 
include perhaps the most difficult ‘organisation 
values’ that can be conceived. If it can be said 
that there are methods in the making that 
address such value-ridden problems, even the 
more theoretical and conservative among 
operational researchers may concede them a 
place within OR. 


PART 2. SOME NEW APPROACHES TO 
HANDLING VALUES 


There are a number of topics, stemming 
from recent research and application, which 
are concerned directly or indirectly with value 
systems and which, I believe, merit more atten- 
tion than they have been given to date. They 
include analysis of options; hypergame theory; 
structural mapping, personal construct theory; 
fuzzy sets; and a number of ideas stemming 
from conflict research, research gaming, and 
thoughts about the general role of the analyst. 

I shall not deal with these individually, but 
introduce them under more generic headings, 
since personal and organisational values enter 
into all phases of the total decision process 
along with many other, equally elusive, vari- 
ables. 


Problem-formulation 


Understanding someone else’s problem is 
difficult. We work hard at the task of com- 
municating with those responsible for deci- 
sions, but we have no clear guidelines, certainly 
no explicit ones, that tell us what to do and 
what not to do. Generally, there are many co- 
operating or conflicting groups (or individuals) 
concerned with ‘the’ problem: Not all will per- 
ceive it in the same way. 

Eden [17,18] has developed a problem-for- 
mulation procedure which has something in 
common with counselling. He uses ideas 
[3, 4, 31] from cognitive psychology and socio- 
logy (Kelly’s work [31] is directed towards 
clinical diagnosis and psychotherapy). Eden’s 
purpose is to help those who own the problem 
to develop their own perceptions through con- 
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structs (which define an outcome) and the rela- 
tionships between them. He uses directed 
graphs to display these ideas visually and a 
computer programme to enable questions to 
be asked about the resulting complex, and in- 
direct, associations. The language of the client 
is used throughout. This is practical work with 


“real decision-makers. It has been successful in 


several directions. 

It has made people within the same organis- 
ations aware of their different purposes and 
goal structures, where they had hitherto 
assumed a congruence of values. It has pro- 
moted insights into the nature of the organis- 
ation and how it might develop in order to 
improve its capability. This latter aspect seems 
very important. Even if there is something 
approximating to a common set of values in an 
organisation, a lack of appreciation of how 
organisational structure limits the execution of 
an agreed policy implies a lack of appropriate 
constraints on options for decision. 

There is an intriguing problem of values and 
beliefs inherent in the communication of the 
methodology of such studies. There are, of 
course, restrictions on what can be said 
because of confidentiality, but there are also 
difficulties in making explicit the actual, and 
subjective, process by which the appropriate, 
and simple, techniques are actually used. It is 
not easy to infer from material so far pub- 
lished, exactly how the counselling role is 
carried out: observation of the work by non- 
members of the analysis team would be an 
infringement of privacy. It may therefore 
appear that nothing other than a somewhat 
more formalised communication between 
analyst and client is going on, and the natural 
response is ‘we all do that sort of thing’. Simi- 
lar problems are evident when one reads of 
Burton’s methods [13] of helping to resolve 
conflict situations, where, again, all depends on 
who the counsellors are and precisely how they 
operate. Partly at least for these reasons, 
Eden’s work is not yet recognised as being in 
the mainstream of OR, nor is it easy to see how 
to measure its usefulness, other than by 
expressing a belief, as I do, based on empathy 
achieved through many discussions and on my 
own values as expressed here and elsewhere. 

Indeed, my own studies of conflict, and those 
of colleagues at the University of Sussex, have 
followed lines not inconsistent with those of 
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Eden, although the approach has been more 
theoretical. Dando and Sharp [15,16] have 
discussed some of the attitudes that restrict the 
view of what OR is and what it can do, and 
Smith [42] has written in support of their 
views (interestingly he prefers “to view OR as 
a form of organisational counselling”). I have 
used a diagrammatic ‘language’, developed in 
earlier conflict studies [9], to examine problem 
formulation [7, 8,11], albeit, so far, in minor 
ways: it is certainly possible to get insights into 
some of the complexities of problems and of 
different perceptions of them, and it may be 
a step towards a check-list of what questions 
might be asked and what broad procedures 
might be followed. Because my approach 
necessarily has to define the elements of the 
problems and their relationships with attention 
to perceptions of the problem, it may well turn 
out to have close links with the repertory and 
implication grid methods used by Eden (see 
Bannister and Fransella [3]. 

I know of no other formal processes, in 
use or under development, which address the 
key issues of problem-formulation: how the 
analysis and decision-making organisation 
works; how the decision-making may be con- 
strained—by events, organisational structure 
and differing value judgements; and how much 
of the environment, in which the system to 
be changed operates, should be taken into 
account. I believe that explicit models are 
essential, although ‘model’ here does not 
necessarily imply more than a logically struc- 
tured description: it certainly does not imply a 
mainly mathematical or numerical treatment. 


Model-choice and model analysis 


Smith [42] draws attention to the dangers 
of the analyst’s values intruding into the 
modelling and so affecting, often in subtle or 
barely discernible ways, the advice proffered. 
(I note, in this connection, that Eden and his 
colleagues use the same techniques to help 
them understand their own problems in the 
primary counselling task.)I accept that, in some 
measure, the values and beliefs of the analysts 
are bound to affect their secondary decisions 
(as White calls them [46]) and so react on 
their contribution to the primary decision. But 
there is very little attention paid to this, and 
it is as if they assume, with their general back- 
ground of mathematics or the physical 
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sciences, that their values are somehow objec- 
tive and rational. Certaintly there is little in 
the form of techniques to aid analysts with the 
secondary decisions. 

In the literature of statistics and OR, I have 
found little guidance as to what conditions 
should be satisfied before a particular tech- 
nique is used. I have explored Games in this 
way [12], in order to say when a game should 
be used, and what sort of a game it should be. 
I note here that games in some form are always 
needed if human judgement is to be introduced 
into models. Here and there, good accounts 
can be found of the conditions that must hold 
if statistical models and procedures are to be 
valid, and I have recently seen an attempt to 
deal with the assumptions underlying the 
application of mathematical programming 
models. But these are exceptions and they 
cover only a small area of OR modelling. 

What is required is a classification, for all 
sorts of models, which links data, assumptions 
and constraints, methods of use, and interpre- 
tations of output. Nowhere is this more necess- 
ary .than in the field of computer simulation. 
Such models are difficult to justify, except as 
a last resort, because they are hard to control 
and analyse. Their use as a learning tool (a 
game for the analyst) has recently been dis- 
cussed, by several individuals and groups quite 
independently; the idea is to be able, with con- 
fidence, to develop and use cheaper and more 
understandable models. 

Even when we have decided on a model, 
what analysis to carry out is hard to decide. 
Some such decisions will, of course, be part of 
model-choice. Others will depend on the 
limited reality of the model, and the fact that 
the dependent variable is only a proxy for 
some concept of goodness of the new system. 
The sort of analysis and presentation that will 
be meaningful and satisfying to those the ana- 
lyst is helping becomes of some importance, 
since their value systems and that of the ana- 
lyst may well conflict. 

I believe that, for the tasks that are pecu- 
liarly those of the analyst, there should be a 
careful check on the ways in which values and 
beliefs enter a supposedly objective appraisal. 
If this is done, there should be a greater aware- 
ness of the more profound behavioural issues 
inherent in the stages of problem-formulation, 
of the communication and use of the findings 
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of analysis, and of the ultimate implementation 
of changes to the systems studied. It is to the 
last two of these stages that I now turn. 


Communication and use of the findings of 
analysis 

I have always maintained that the correct 
end-point for an operational research study is 
the displaying of options with measures or 
statements of the criteria on which choice 
depends. I do not see it as necessary, or proper, 
to attempt to machine the decision. There 
may be criteria not included in the study (des- 
pite all efforts), the data may be uncertain, and 
confidence in the measures will generally be 


very subjective. Nevertheless, decision-makers 
should not be left with an intractable basis for 


choice, and they may welcome advice as to 
how to set about the task which is properly 
theirs. I do not, at present, think that decision 
theory and decision analysis offer acceptable 
solutions. They require decision-makers to 
agree that when certain of their values and 
beliefs are pinned down, generally in numerical 
form, a simple probability logic (or, in the case 
of maximum expected utility, a not-so-simple 
logic) will represent the proper process of 
choice. Although interest has been shown in 
many places, I cannot find case-histories of a 
decision on a major problem having been 
taken or strongly influenced, by such methods. 
It may well be that the methods might have 
importance as a learning process for the deci- 
sion-maker, but they are not offered in suitable 
form for this purpose. 

Simpler methods have been used. Maximin 
solutions (which are pessimistic) have been 
found acceptable in some military analyses 
[27]. Minimax regret has been a useful mind- 
clearer in the first round of discussions on 
other military studies. Both, of course, involve 
the concept of utility as a common metric. 

What can we do if there is no common 
metric? In order to make the decision-maker’s 
task bearable, we may have deliberately left out 
many options and criteria, or merged them, in 
ways that we cannot support by analysis. 
Rivett [38,39] has suggested the use of multi- 
dimensional scaling techniques to map an indi- 
vidual’s preferences, based on very meagre in- 
formation about his indifferences between 
choices, when the table of options and criteria 
is large. The research at present concentrates 


Bowen—Personal and Organisational Value Systems 


on the robustness of the preference orderings 
produced [14], and early results are encourag- 
ing. There has been a positive reaction from 
Green [24], which I welcome because the ideas 
put forward by Rivett are of great potential 
importance. Indeed, I know of no _ other 
approach which offers a structured way for a 
decision-maker to rank such preferences with- 
out asking him to describe his values numeri- 
cally and without demanding that he be precise 
when he would prefer to be vague. Fuzzy sets 
ought to help but applications as yet seem to 
be almost entirely in the area of control of 
mechanical systems. 


‘The’ decision-maker is a convenient fiction. 
In practice, as I have already discussed under 
problem-formulation, there are many people 
involved, and they do not have common values 
and beliefs. Radford’s Analysis of Options [37], 
a development from the theory of games and 
metagames, examines the possible results of the 
various feasible interactions and the ways in 
which communication, negotiation and bar- 
gaining can take place to produce a resolution 
that is stable (in the sense that deviation from 
it is not ultimately advantageous to anyone). It 
is of relevance, of course, for any individual 
decision-maker, to help him come to an under- 
standing of the problem he faces and the deci- 
sion-process for which he is jointly responsible. 
I have included it here, in the context of post- 
analysis communication, because there has 
ultimately to be analysis to provide a clear in- 
sight into the options available and the prefer- 
ences among them. 

Radford provides an illustrative case-history 
which is an after-the-event analysis of the 
Toronto airport decision (1967-75), and it also 
refers to other conflict descriptions and analy- 
ses by Nigel Howard and others. These are all 
potential uses of the analysis of options. There 
still seems to be a lack of evidence, in the 
literature, that the approach has been used and 
found to be useful by those responsible for 
decisions. I understand that there is encourag- 
ing progress in this direction, and I look for- 
ward to Radford’s ‘Analysis in Support of Stra- 
tegic Planning’ which is expected towards the 
end of 1979. 

I repeat that I have not been able to get 
documentation to support claims that decision 
analysis and other decision-theoretic aids have 
been successfully employed. It certainly seems 
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that benefit can be gained by the structured 
thinking that all such methods offer, preferably 
if they are used by the decision-makers, but 
the presence of a suitably trained analyst, who 
communicates well with his clients across the 
whole span of the problem and the decision- 
process, appears to be essential. As with Eden’s 
work, discussed in the section on problem-for- 
mulation, the personality and behaviour of the 
analyst are critical factors. 

Within the total coverage of complex deci- 
sion problems, Radford refers to other tech- 
niques, which help in the earlier stages, notably 
cross-impact gaming and Delphi on which 
there is a wealth of literature (e.g. Helmer 


[25, 26]). These are certainly relevant to the 
data decisions that analysts face in the model- 


ling stage, but may also play a direct role in 
aiding subjective judgement when objective 
analysis has gone as far as it can. There is, 
however, the more recent development by Ben- 
nett [5,6] of hypergames. The intent here is 
to describe how actions in conflict may appear 
‘illogical’, because the ‘game’ is being differ- 
ently perceived by different participants. The 
research has not yet been tested in application, 
but it is already clear that it provides a useful 
approach to the analysis of past events and 
aids insights into current events. It is compat- 
ible with and not an alternative to the analysis 
of options. 


Implementation of change 


A lot of what I have already said has been 
linked with the implementation stage. There 
are only a few things to add. As a system is 
changed we need a further analysis. This may 
tell us something useful about the preceding 
analysis. We also need analysis for reassess- 
ment of prior decisions, when the environment 
was predicted on less up-to-date knowledge. It 
would perhaps be useful if earlier analyses 
could be less detailed, in order to provide less 
prescriptive and more flexible policies, with the 
effort saved being devoted to analysis at the 
moment of actual implementation of change. 

It is in this last sense that implementation 
is a final issue for analysis. In its other 
aspects—the capability of the organisation to 
manage change, the desires of the organisation 
for particular changes, and the conflicts over 
change within and outside the organisation— 
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implementation factors are issues for problem- 
formulation. 

I am not aware of methods that specifically 
relate to values and beliefs which affect the ulti- 
mate implementation problem, nor am I aware 
of any practice of follow-up analysis, other 
than to restart the analysis when what has been 
done turns out to be ineffectual. It is important 
to realise that, all too often, much of the ulti- 
mate action is based on personal beliefs and 
value judgements with little aid from analysis, 
unless those who help to formulate policy 
remain associated with the implementation 
process. 


PART 3. IN CONCLUSION 


There is a great deal of other work which 
is relevant to the quest for more adequate 
methodological treatment of values and beliefs. 
There is potentially relevant material in politi- 
cal science and international affairs studies. In 
particular, cognitive mapping techniques are 
used (e.g. Shapiro and Bonham [40]), although 
this use does not appear to be as advanced in 
development and application as it is in Eden’s 
work previously referred to. Secondly, there is 
Hammond’s work on application of Social 
Judgement Theory referred to in Part 1; I have 
not yet been able to siudy this in any detail. 
Thirdly, the problems of reconciling values 
arises in work on how to measure research out- 
put: Freeman [20] summarises most usefully 
the advantages of doing something, while 
pointing out the dangers of doing it at all. 

On the general question of what operational 
researchers ought to be concentrating on, 
Emshoff [19] proposes work predominantly in 
support of problem formulation, specifically 
asking for models for the decision-maker to 
use. De Waele [44] has drawn attention to the 
relevance of Jung’s classification of personality 
types in discussion of who should do what 
analysis for whom. Mitroff and others [35] 
have also found the Jungian classification im- 
portant in relation to helping groups to think 
more effectively and innovatively about the 
futures they desire and how to reach them. 
Ozbekhan [36] has stated that redesigned sys- 
tems rarely work well unless the controlling 
organisation itself changes, implying, in part, 
new values and beliefs. 
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There is a mood and a move towards a dif- 
ferent sort of OR, more closely oriented to a 
recognition of behavioural issues. Decision- 
theorists, despite my earlier sceptical remarks, 
are by no means ignoring the difficulties that 
values and beliefs pose, not least the apparent 
inconsistencies that they give rise to; I refer 
in particular to studies by Lindley, Tversky 
and Brown [34], of reconciling probability 
assessments. It is not that I believe that there 
will be early or easy application of such theor- 
etical approaches for the major social problems 
that OR is increasingly involved in, but the 
logical frameworks that stem from such work 
are bound to be of some relevance (apart from 
any direct applications of subjective probabili- 
ties to less complex problems in which values 
and beliefs are more tractable [2]). 

Finally, I offer a tail-piece on fuzzy sets. 
There have been spirited interchanges, between 
Professor KD Tocher and Dr S French and 
his colleagues at the University of Manchester, 
in the Viewpoints columns of the Journal of 
Operational Research [43]. There is no need 
for me to defend Tocher’s point of view, since 
he is doing very well on his own. However, 
there is one argument that French et al. use on 
which I must comment. “The problem with 
fuzzy sets”, they say, “is that, to our knowledge, 
no-one has given an axiomatisation of the set 
membership function”, and they ask for the 
assumptions on which this function is based. 
Here is the rub. If there were to be such an 
axiomatisation—if the rules for measurement 
were defined completely—there would be no 
vagueness. No doubt many would then be 
happy that conventional mathematical value 
theories could be followed, but they would no 
longer be treating fuzzy concepts. If fuzzy set 
theory is usable, it must allow for concepts (in- 
cluding membership functions) that are to be 
subjectively added to the logic for the purpose 
of a particular inquiry. The problem is not that 
one cannot do this, but whether unacceptable 
inconsistencies arise between the implications 
stemming from the application of fuzzy logic 
and the intentions of the transfer from vague 
verbal concepts to, say, membership functions. 

By its nature, this paper itself has an essen- 
tial vagueness. I cannot pretend to have under- 
stood fully the many references that I have 
read and cited. I do not know exactly what 
I am seeking, as a step toward an unattainable 
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ideal, but I believe that I shall recognise hope- 
fv' landmarks when [ see them. This paper 
aims to stimulate discussion in order to light 
up such landmarks, additional to the ones I 
refer to, and through debate to help create for 
others a more complete framework for the 
development of their ideas, whether or not 
these are in accord with mine. 

The best we can do is to express our per- 
sonal values on the subject of debate and hope 
that we can approach something which might 
be regarded as an organisational value, how- 
ever fuzzily expressed. 


Postscript 


Since preparing the above, I have listened to 
the presentation and discussion of the paper by 
Lindley, Tversky and Brown [34] at the Royal 
Statistical Society. | remain unconvinced by 
the arguments. Tversky was not able to be pre- 
sent, which for me, was a pity, since he seemed 
to be the one most likely to have wished to 
stress the reservations made in the paper. The 
discussion raised interesting and important 
mathematical and philosophical points, but 
only one comment (that by Professor CAB 
Smith [41]) was strong enough to be consistent 
with my own reservations. Smith is not willing 
to accept a process that appears to him to treat 
people as if they were no more than instru- 
ments for the measurement of subjective prob- 
ability: he thought that the authors were mis- 
guided, although he accepted the paper as 
being of theoretical interest. 

I have now also read some unpublished 
papers by French [21-23] which extend the 
ideas of Lindley et al. French discusses, from 
the logical standpoint of a ‘fully committed 
Bayesian’, the interactions of values and beliefs 
that occur in group-decision making and in 
the transactions between decision-analysts and 
decision-makers. I find apparent inconsisten- 
cies in his philosophy, but nevertheless am 
greatly interested in his arguments and con- 
clusions. In one paper [22], he suggests that 
a consensus should not be a distillation of 
experts’ views presented as an agreed statement 
to a decision-maker, but that any consensus 
probability should be the decision-maker’s own 
subjective probability, updated by him in the 
light of the experts’ separate opinions and of 
his-own beliefs in their reliability. This conclu- 
sion stems from French’s proof that it is im- 
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possible to base a consensus rationally (i.e. in a 
Bayesian manner) on the information, beliefs 
and expertise within the group. 

In the latest of the three papers [23], his 
statements about the things that motivate a 
group (such as common interests, “similar 
beliefs and aims”, and a general concern for 
group stability) are at variance with my own 
experience. But, in any case, if people are to 
work as a group, they must experience the 
same problems of achieving ‘rational’ con- 
sensus as do the ‘experts’. Further, any single 
decision-maker may not be rational in the 
Bayesian sense. It seems to me to follow that, 
if an analyst insists on his own values of 
rational analysis (as a Bayesian, or otherwise), 
he is likely to be an inadequate adviser to those 
of different persuasion (see also de Waele 
[44]). 

In some ways, French is moving towards 
Eden’s position [17, 18], although they are still 
far apart. The former’s arguments all point to 
the severe difficulties of using normative 
theories to aid those who may neither under- 
stand nor accept these theories. In such cases, 
taking a behaviourist stance, the theories may 
be faulted because they are not found useful 
in practice. Further, French’s own beliefs are 
bound to lead, at present, to arguments which 
depend on opinion, and he cannot, by his own 
thesis, expect the differences to be resolved 
rationally. Bayesian processes, as I have com- 
mented on elsewhere [10] are far from straight- 
forward: the Reverend Bayes himself would 
not presumably be surprised that the beliefs 
implicit in them require an act of faith. 

I have also had the benefit of discussing this 
paper with Professor White and his colleagues 
in the Department of Decision Theory, Univer- 
sity of Manchester. I have left the text un- 
changed, although I know that I would now 
express some of my arguments differently and, 
I hope, more clearly; I also know that there is 
much more that I must study (for example, 
Keeney and Raiffa [30]) before I can make a 
thorough defence of my position against their 
decision-theoretic attack. On the other hand, 
if decision theory can be shown to deal ade- 
quately with values in practical decision envir- 
onments the views I have expressed may urge 
theorists to demonstrate that this is so: they 
can best do this by themselves interpreting 
their mathematics in application, since third 
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parties may well be distorting the logic. Mean- 
while, the approaches to dealing with personal 
and organisational value systems that I wish 
to encourage can, quite independently, offer a 
way forward. This should not clash with 
theory: it should help both its development 
and its translation towards practice. 
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This paper considers the contribution which OR (Operational Research) can make to solving some 
of the problems in the industrial relations field. It first discusses the characteristics of industrial 
relations problems, categorising them according to the degree of conflict involved. The kinds of 
contribution OR can make are then discussed, first in a general way and then for each category in 
turn. The paper draws particular attention to the need for OR work in much of the industrial 
relations field to take account of the existence of conflict and of the game-like nature of the 
negotiating process. Some of the problems this presents to the OR worker are mentioned. Directions 
for future developments in the field are proposed. Finally there is a brief discussion about whether 
the issues raised in the paper are relevant to OR’s contribution in fields other than industrial 


relations. 


INTRODUCTION 


INDUSTRIAL RELATIONS (IR) is the process 
by which privilege, power and wealth in an 
enterprise is shared out. Over time, the relative 
shares of these prized possessions move back 
and forth according to the actions of the par- 
ties concerned. The parties are traditionally 
management and trades unions but may easily 
extend to shareholders, banks, other com- 
panies, and, in the UK, national government. 
The actions these parties might use include 
strikes and other industrial sanctions, with- 
drawal of funds and so on. Many of these 
actions take place under a veil of secrecy with 


each party trying to move the frontiers of its . 


influence in the process. To an outsider, the 
whole field is characterised by irrational, 
‘extremist, even unacceptable actions by one or 
more of the parties concerned. Given this im- 
pression, it is not obvious that the field of IR is 
amenable to ‘scientific method’. 

Perhaps it is this impression, certainly 
emphasised in the press, which goes some way 
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to explaining a limited interest in IR problems 
by the Operational Research (OR) practitioner 


_in a company. Another reason may be the fail- 


ure of some of the better known OR techniques 
to stand up to the problems encountered. 
However neither is a good enough reason for 
the field to be ignored. In terms of money 
alone, IR is undoubtedly a very important 
aspect of a company’s activities and one where 
assistance ought to be valued. 

In looking at the IR field, and the ability of 
OR to cope with the problems encountered, 
this paper is based on the viewpoint of the 
manager. However it is not meant to be ‘one 
sided’. The ideas and methods explored could 
be equally useful for management in a Trades 
Union. In fact a fair amount of the paper con- 
siders how management in a company and in 
Trades Unions might be able to work together. 


PROBLEMS FACING MANAGERS 


We are basing our comments on manage- 
ment in an organisation with some level of 
Trades Unionism or similar grouping of 
employees. To some extent, we are also think- 
ing about a fairly large organisation, that is 
one where management is in a sense removed 
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from the ‘shop floor’ and where the number of 
employees is such that some element of plan- 
ning is involved. However, the majority of 
problems mentioned are probably encountered 
in smaller organisations although perhaps to a 
lesser degree. 

For the purposes of this paper, the problems 
facing management have been divided into 
three categories on the basis of the degree of 
conflict involved. This is obviously not a 
unique division, nor is it the only way that an 
OR practitioner might view the field. However 
we have the suspicion that it goes a long way 
to representing how a manager himself might 
see the problems in his work. The three cate- 
gories are as follows: 

Negotiative: These would be issues where the 
manager, as a representative of his organis- 
ation, is likely to be in open conflict with a 
Trades Union or other bodies. Typical 
examples are the setting of wage levels, length 
of working hours or manning levels. Common 
factors here are that the people involved have, 
or perceive that they have, conflicting opinions 
as to the best solution of the problem and 
therefore wish to have a voice in its resolution. 

Semi-negotiative: These would be issues 
where, although there might be some element 
of conflict, there would be an overriding agree- 
ment by the bodies involved on some major 
objective. Typical examples would be _ the 
design of rosters or deployment systems where 
there is agreement among those involved to get 
the most convenient times/places of work. 
However there is unlikely to be full agreement 
on all issues, for example whether four long 
shifts are better than five short ones, and these 
could become a source of conflict. The com- 
mon factors are therefore an overriding agree- 
ment on some main objective but enough 
potential sources of conflict for the Union, or 
other bodies, to wish to be involved. 

Non-negotiative: These are issues where in 
the short term there is no conflict, or potential 
conflict, with other bodies. (Examples might be 
manpower planning for the future, diagnosis of 
why absenteeism is high or the maintenance of 
staff records.) Since they are not issues of con- 
flict, the Trades Union or other bodies will not 
wish to be involved. (Very few issues indeed, of 
course, involve literally no conflict. One is 
tempted to think of issues in which the Trades 
Union has no interest as conflict-free, but over 


many such issues the manager is quite likely to 
find himself in conflict with other managers 
representing opposing interests within his own 
organisation.) 

Any issue might, over time, change its status. 
Non-negotiative issues might become semi- 
negotiative if, for example, a Trades Union 
which had hitherto not challenged the way 
management kept staff records suddenly 
became concerned about some aspect of the 
information held on the record. A negotiative 
issue might, through the agreement of rules for 
settling disputes, become a non-negotiative 
one. 

To characterise negotiative issues further, 
and to illustrate how they might present diffi- 
culties to the manager, consider some of the 
things with which such issues confront the 
manager. 

High Stakes; The potential losses from a 
poor decision, such as conceding higher wages 
than a Union would accept, may well be very 
large. 

Many participants: An issue such as wage : 
levels may not be of interest to only two par- 
ties. It may be necessary to take account of the 
views of other Unions in the organisation 
whose differentials are under threat. Further- 
more, outside bodies such as the government 
and major shareholders may wish to exercise 
some pressure in the negotiations. 

Sectional Interests: It cannot be assumed 
that each of the participants will act as a united 
force. For example, various sections of a Union 
may have different views as to whether a cer- 
tain pay deal is acceptable, thus, in effect, in- 
creasing the number of participants in the 
action. Additionally, the leaders of the Union 
may have certain personal interests such as 
endeavouring to get enough votes in the next 
election. 

Incomplete knowledge: It is unlikely that our 
manager will be completely aware of all the 
objectives and possible strategies of the partici- 
pants, in fact he may not know who all the 
participants are. His information will be partly 
based on fact and partly on his own perception 
of the views of the participants and may be 
seriously incomplete or even wrong in some 
circumstances. 

A changing state of affairs: As the parties 
take part in negotiation, the manager will 
receive information that might alter his percep- 
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tions or add to his knowledge of the objectives 
and strategies of the other participants. This 
might suggest new strategies for himself. To act 
efficiently he will need a means of evaluating 
these strategies and so proceed, by iteration, 
towards an agreement. 

Complexity: At any point in the negotiation, 
establishing the strategies of all parties con- 
cerned and assessing their implications is likely 
to be an extremely complex task. 

Pressure: This is probably the aspect of the 
problem that affects the manager most of all, 
especially where there is much at stake. At one 
level, he will need a way of evaluating strat- 
egies quickly so as not to be overtaken by 
events. At another, it can affect the way he acts, 
forcing him towards a narrow, more stereo- 
typed view of events. 

It is interesting to compare the character- 
istics of the other two categories of problems— 
semi-negotiative and non-negotiative—with 
those given for negotiative problems above. In 
doing this it becomes clear that the categoris- 
ation is just a matter of degree. Where there is 
less conflict, there may be fewer participants or 
less pressure on the manager. In some cases 
incomplete knowledge may arise because of 
natural uncertainty. However there do not 
appear to be any hard and fast differences 
between the various categories. It is more a 
matter of how the negotiative aspects manifest 
themselves or need to be taken into account. 


THE SUITABILITY OF OR 


We cannot hope to give an exhaustive dis- 
cussion and we shall concentrate on two 
aspects which we think are among the more 
important, namely the suitability of OR from 
the point of view of its approach to problems 
and of the way the OR practitioner works. 


The OR approach 


OR attempts to make a structured analysis 
of a certain state of affairs with the view to 
gaining some kind of improvement. Structured 
analysis necessarily involves some attempt to 
understand the state of affairs, the main issues 
and the mechanisms involved. It also involves 
some means of using that understanding to 
move towards an improved state of affairs. 
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Whether improvement is achieved is of course 
a matter of the ability of the OR practitioner, 
the problem itself or luck. 

The OR approach involves model building 
because building a model is the means of 
acquiring and setting down a structured under- 
standing of the state of affairs. In some cases, 
the model may incorporate a device for pro- 
ducing answers to a problem on the basis of 
the understanding embodied in it. If this device 
is to be useful the model incorporating it must 
embody all the important facts of the process 
within which the problem is set. There is no 
reason in principle why the model should not 
be fully adequate. However human model 
builders and computers have practical con- 
straints. This inevitably leads to a degree of 
simplification in the model. Simplification 
might mean the model fails to deal with con- 
flicting objectives, to recognise all of the par- 
ticipants and the various sectional interests and 
to deal with the behavioural side of the prob- 
lem. The model, viewed solely as a means of 
acquiring structured understanding, is a more 
flexible concept. It is a means of structuring 
our attempts to understand reality, our poss- 
ible actions and their effects. Such a model 
serves to stimulate and guide our thinking of 
new actions, point out areas of ignorance and 
thus guide our research. There is a large ele- 
ment of this in the device type model, but here 
it has a value in its own right. 

Both kinds of model have certain character- 
istics which can affect their suitability to the 
problems in the IR field. Models often incor- 
porate, usually implicitly, beliefs about criteria 
to define the best actions to be taken, for 
example the maximisation of company profits. 
This type of model is only useful where there is 
some consensus amongst the participants that 
the action is the best one, an unlikely state of 
affairs where there is a high degree of conflict. 
To be of greatest use, the model should be 
value-free in the sense of being as free as poss- 
ible of those values which differentiate the par- 
ticipants. The model will also need to be flex- 
ible and not dependent on the position at the 
time it was built. As new strategies and inter- 
ests manifest themselves, the model must be 
able to cover them. This will affect the ability 
of the model to produce information quickly 
and to help the manager acting under pressure. 

These requirements of models if they are to 
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be usable in the IR field are at least challenging 
and may well be impossible to attain in the 
short run. In our experience there is not always 
the prospect of quick high returns from model 
building and a patient sponsor might be an 
essential requirement. 


The role of the OR practitioner 


The OR practitioner can adopt one of the 
following positions: 


@ He can work for one side. This is the tra- 
ditional role of the OR man who works for 
management in an organisation. 

He can work for both sides. This is possible 
on the semi-negotiative issues where there 
is some consensus of objectives, but in- 
feasible in states of high conflict. 

He can work as an observer. In this case, 
the OR practitioner would probably not be 
employed by one of the participants. His 
aim would be to learn about the process, 
possibly in the hope of influencing one or 
more of the participants in the long run. 


Thus, unless the problem is considered to be 
suitable for combined study by the participants 
involved, the OR practitioner can only work 
for one of the participants or in the outside 
role of an observer. However as an observer he 
cannot expect to have any direct influence over 
the resolution of the problem in question. The 
point here is that the OR worker will, to play 
an effective role, probably have to compromise 
about some of his ideals as an OR worker. In 
particular he might be faced with the choice of 
giving up the ideal of objectivity (by working 
for one side) or of purposeful intervention (by 
settling for the observer role). 


STATE OF THE ART 

Negotiative problems 

Let us first look at the negotiative problems 
such as wages bargaining. The resolution of 
this type of problem has three phases: prep- 
aration, negotiation and termination—the first 
two at least are, of course, interwoven. The 
preparation stage is not a matter of conflict, 
unless there is conflict within the manager’s 
own organisation. If there is, then the prep- 
aration becomes a negotiative issue in its own 
right. Otherwise it is non-negotiative and will 
be dealt with below. The third stage, termina- 
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tion, is likeiy to be semi-negotiative with all 
parties wishing to work towards a common 
goal. 

The negotiation itself is a formal exchange of 
information as a result of which new strategies 
arise and the manager becomes more aware of 
the options and preferences of the other par- 
ticipants. In order to help the manager, the OR 
practitioner needs a means of using that infor- 
mation for the benefit of the manager for 
whom he is working. To do this, the practi- 
tioner will need a versatile, preferably relatively 
value-free and fast-acting model. Moreover it 
must recognise and be able to deal with the 
conflict between the participants. 

The models which satisfy these requirements, 
hypergames and metagames, treat the prob- 
lem as a game. Both types of model give the 
manager a structured understanding of the 
issues by comparing his own strategies with 
those of the other participants. Game theory 
alone is not suitable since it assumes that each 
player is well informed of the structure of the 
game, that is he knows the strategies and pref- 
erences of the other players. Hypergame theory 
[1], however, allows for the possibility that our 
manager may only perceive a small proportion 
of the permissible strategies, may not be aware 
of the preferences and may not even known who 
all the participants are. The importance of the 
theory is simply that it reminds us that other 
people might be playing a different game from 
the one we think we and they are playing. 
Emphasis is placed therefore on trying to un- 
derstand the perceptions of the other 
players—an understanding that one hopes will 
increase as the game is played—so as to think 
up and deploy better strategies than would 
arise from consideration of our own possibly 
narrow perception of the game. Unfortunately 
a complete hypergame formulation of a normal 
bargaining process can be very unwieldy given 
all the options and combinations of options. 
The OR practitioner will therefore need to 
work closely with the manager, presenting 
the information to him in a form easy to 
assimilate. 

Options analysis [4,7,8], an extension of 
metagame theory, is based on similar ideas. It 
too has been used in an organisation undergo- 
ing an industrial relations dispute. To use this 
technique it is necessary to have a list of all the 
interested parties and, for each, a list of the 
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actions, or options, available to them. Each 
option is taken or not. The method seeks a 
combination of options that the player should 
take, his strategy, in order to secure stability 
—a position from which no player can move to 
advantage. Of course, at the outset options for 
all the players cannot all be listed, and the 
analysis might well change shape as a fuller 
range of options is revealed through time. The 
preferred strategy might also change as another 
player’s strategy is partly revealed through an 
action he takes. Again, the analysis can become 
somewhat unwieldy but the approach is one 
that the manager can understand and which 
probably conforms to his own way of looking 
at the problem. 

A major question about gaming methods 
and conflict analysis is whether their use is of 
itself helpful. Unquestionably they have an in- 
tuitive appeal to anyone who has been in- 
volved in negotiations, if only because of the 
powerful abstract description they offer of a 
process with which the negotiator is familiar 
but has never seen modelled before. However 
their effective use calls for creativity in develop- 
ing new strategies and options and this cre- 
ativity and acceptance of its output might be 
much more a consequence of the personal 
skills and attitudes of the analyst and manager 
than of the use of the methods. It is quite poss- 
ible that the methods will simply underwrite 
and rationalise stances that would be adopted 
anyway: the good negotiator may not need the 
methods and the bad might not be able to use 
them. There seems to be, more than in most 
kinds of OR, an act of faith in advancing the 
use of these methods. 

We are not aware of any other types of 
models which fully appreciate the complexities 
which must be faced in negotiative problems. 
Of course it is possible to build useful models 
to predict the cost and implications of the var- 
ious strategies used, but these models alone 
will not advise the manager on how to use 
those strategies in the negotiation. They are 
merely for preparation. 

Thinking about the observer, his role is to 
study one or more of the participants, analyse 
their behaviour and test various hypotheses 
probably with the aim of enlightenment. HG 
Jones covers this field in some detail in.a recent 
article in JORS [5]. The techniques involved 
would be to a large extent those used in be- 


havioural research and economics. There is 
also scope for sociological and anthropological 
research. However it is not obvious that any ol 
the information so gained will be of immediate 
interest to the manager. 


Semi-negotiative problems 


The common factor of semi-negotiative 
problems is the existence of some common 
ground which allows for joint examination of 
the state of affairs. Once this common ground 
is established and exploited, the actual means 
of problem solving is not an issue for this 
paper. In fact the problem, when it is defined, 
may not be an ‘IR problem’ but a question of 
scheduling, production line design and so on. 
The IR element is the avoidance of conflict and 
the establishment of a situation in which the 
parties can work together and achieve imple- 
mentation. 

A way of doing this is through a procedure 
known as action research [3]. This method was 
first used sometime before the war and is often 
used by behavioural scientists. The method is 
to set up a task group consisting of people 
doing the job around which the problem 
centres, their supervisors, trades union rep- 
resentatives and any people who might be im- 
mediately affected by the outcome. This group 
could be set up by the OR practitioner in con- 
junction with management. The group would 
then discuss the problem, providing infor- 
mation for the OR practitioner in his sub- 
sequent analysis. The group has a say in the 
information collected and the use of results. In 
fact, by virtue of this process, implementation 
tends to be much easier to achieve. 

This technique can often succeed where 
others have failed. For instance, in the NCB a 
statistical study of absence proved to be of 
limited use. However it transpired that the union 
shared with management the desire to reduce 
absence. Action research was therefore thought 
a suitable line of attack. Its use pinpointed the 
causes of absenteeism and thus went some way 
towards alleviating the problem. The method 
has been used widely by Henley [2] at com- 
panies such as United Biscuits. A_ similar 
example is the rostering study at British Air- 
ways. [9]. 

Non-negotiative problems 


In this category fall all of those problems 
which can be tackled wholly within the com- 
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pany. Currently, in most cases, it would include 
manpower planning, staff data banks and 
design of recruitment and training procedures. 
The field is too wide to explore in detail. The 
techniques developed for dealing with these 
issues have certain drawbacks but on the whole 
these are due not to any aspect of IR but to the 
problems of handling uncertainty and techno- 
logical change, of how best to categorise staff 
and of handling large amounts of information. 

The important aspect of the problems under 
this heading is that they do not involve conflict 
at the time they are considered. The company 
alone can decide on the objective, the assump- 
tions to be made and the degree of simplifi- 
cation in the models used. However it follows 
that the use of these models should be ques- 
tioned as the position changes, their limitations 
being recognised. 

If participation increases, it is questionable 
how much some of the subjects mentioned will 
remain non-negotiative. For instance, there 
may be a need to make all or some part of a 
staff records system accessible to the work- 
force. Canadian Airways [6] have done this. 
However, we think it likely that all parties will 
continue to have private models as part of the 
planning process. 


THE FUTURE 
The developments we would like to see are: 


@ More joint problem solving where the 
ground exists. This could be achieved by 
using action research or similar methods. 
More use and further development of 
models whose aim is to give a structured 
understanding of the conflict process, for 
example gaming models. 


To some extent we would wish to encourage 
the role of the observer. However, from the 
point of view of the manager, this is not likely 
to help him as much as the two developments 
listed above. The development we would not 
wish to encourage is the construction of 
models which simplify the process, ignore the 
behavioural aspects and do not, where necess- 
ary, recognise conflict. 

To achieve and use these developments, 
there is a need to achieve: 


@ A better understanding by OR practitioners 
of the Industrial Relations field, the partici- 
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pants and their culture. This could be 
achieved through OR education and 
through a determined attempt to work in 
this sphere. 

@ Close contact with management. IR work 

can involve a certain aspect of secrecy thus 
requiring a fair amount of trust between 
manager and OR worker. 
A winning over of management. Managers 
themselves may not see IR as a suitable 
field for the OR practitioner because they 
see it as being ‘unscientific’. 


The third point is particularly important. We 
think that the confidence of management may 
be most easily achieved if OR can present 
methods and techniques which the manager 
can trust and understand. 


IS IR UNIQUE? 


Before we conclude, it might be interesting 
to compare IR problems with other manage- 
ment problems, in particular those which 
attract most attention from OR practitioners. 
It is tempting to think that IR problems differ 
from others in an organisation but in fact any 
differences may only be slight. As with the 
problems inside the IR field, it is a matter of 
the degree of conflict with other bodies and the 
degree of interest they have in the resolution of 
the problem. Many issues in industry are of the 
negotiative type. Indeed we have the sense of 
negotiation pervading much of the work of the 
OR group to which we belong. 

Consider for example the problem of choos- 
ing a large item of machinery. The typical 
approach to this problem would be to compare 
all machines which suit the requirements of the 
job in terms of capital costs, running costs, 
reliability, ease of operation, manpower savings 
and so on. The decision on which machine to 
advise management to buy would be based on 
some kind of DCF (Discounted Cash Flow), 
cost-benefit or trade-off analysis. The manager 
may decide to act on this advice but we know 
in a number of cases that he might not. This 
probably is not because the manager is at fault, 
more often it is because he sees the issue in a 
wider context. For instance, he may wish to 
avoid a certain supplier getting a monopoly of 
the market, he may wish to avoid conflict with 
the unions over manning levels or he may wish 
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to buy more prestigious machinery than his 
competitors have. To a great extent this is say- 
ing the manager has a more complicated objec- 
tive function than was first thought, indeed 
perhaps a multi-dimensional one. However 
there is quite an element of the manager seeing 
the decision as a statement in some continuous 
negotiation going on with various parties, a 
statement which he believes or fears might 
draw responses, some of which would be un- 
favourable to him. These aspects of the deci- 
sion would be difficult to build into the kind of 
model we have mentioned above. 

It is not so much a case of failing to define 
the right problem; more it is one of failing to 
take some of the more fundamental issues into 
account. In a case such as this, an approach 
like options analysis may have produced 
results more in keeping with the state of affairs 
as perceived by the manager. 

This example may not be unusual. It leads us 
to suspect that some of the methods appro- 
priate to the IR field may be particularly useful 
in other parts of an organisation. Moreover, 
for complex problems with some degree of con- 
flict, the IR field may be a very good testing 
ground. 


CONCLUDING REMARKS 


This paper has outlined the problems in the 
IR field in terms of the degree of conflict and 
involvement of participants both within and 
outside an organisation. 


It is concluded that the _ preferable 
approaches are those that aim to give a struc- 
tured understanding of the conflict and the 


strategies of the participants, thus allowing a 
manager to consider thoroughly his position in 
the process. It is also argued that IR problems 
may not be significantly different from those in 
other branches in an organisation. If this is so, 
methods developed for tackling IR problems 
may prove to be of great use elsewhere. Fur- 
thermore the IR field may be a useful testing 
ground for these methods since it is, in some 
sense, the extreme case. 

(The views expressed in this paper are the 
authors’ and not necessarily those of their 
employer.) 
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Modeling is the essence of the operations research study. Yet with the exception of rare instances 
does the model of the study realize its full potential benefits in the business world. In this treatise an 
attempt is made to familiarize the business world with the types of models that exist including their 
operational and functional attributes. In order to increase the model and or study effectiveness the 
essential elements in performance are expounded to illustrate the comprehensiveness required. In 
conclusion, the recognition that modeling is not a utopia and that many pitfalls exist is explored 
with recommendations made to diminish or eliminate the negative impact of these shortcomings. 


THE TITLE of this paper in essence equates 
to saying ‘increasing the effectiveness of oper- 
ations research.’ Operations Research or Man- 
agement Science whatever you want to call it 
has not realistically lived up to its initial expec- 
tations. Originally looked on as the savior of 
management, it has been anything but that. 
Formal programs have been developed at most 
large universities so that a student can get a 
bachelors, masters or doctorate degree in Op- 
erations Research, Business Science, Manage- 
ment Science, etc. Universities are cranking out 
MBA as an indication of status. At one time 
quality and knowledge prevailed, but because 
of economic, social and governmental pres- 
sures quantity presides. This assembly line 
mentality could foster the downfall of Oper- 
ations Research if continued. 

It is quite impressive for an MBA student to 
be able to set up a long involved LP program 
or a computer model that only the 99th per- 
centile of the Operations Research technicians 
could understand. 

But I must ask if the model is not imple- 
mented and utilized at least to stimulate man- 
agement thinking or the management process, 
what value do we get? 

I am not deploring research, but whether it 
is new product research, computer research, 
etc., in business the bottom line is what counts. 


The earnings per share (EPS) is the key 
number in many businesses. Businesses/Cor- 
porations are extremely sensitive to this ratio. 
EPS stimulates positive reports from Wall 
Street. Steady increases in EPS assist in obtain- 
ing funds from institutions investing at a some- 
what lower interest rate! A company is looked 
on as minimal risk. This also serves a competi- 
tive advantage in the marketplace. 

In essence the businessman is very sensitive 
to the bottom line. If Operations Research is to 
improve its position it must impact positively 
the bottom line and in turn react in a real time 
mode. 

Operations Research practitioners should 
start off with short term projects, fit the pro- 
ject/technique to: management needs, do not 
stipulate a technique and then apply the appli- 
cation. The key is for the Operations Research 
analyst to build credibility with the user. 
Build confidence by reacting in real time, with 
concise information and knowledge of the op- 
eration. Even a small addition error can nega- 
tively impact user confidence in the analyst and 
his interpretation of the project. 

I do not want to project a cloud of doom. 
Certain groups have performed extremely 
sophisticated types of analysis on projects such 
as negative income tax, skylab projects, etc. 
But this is a small minority. Look into your 
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operation and your implementation ratio, 
review the time lag to get back to management 
with the answer. 

Keep a log indicating where this bottleneck 
occurs. Usually a great deal of the problem 
resides in the electronic data processing (EDP) 
organization or with your immediate super- 
visor being apprehensive about submitting 
your conclusions. Operations Research has a 
tendency to pry, delve, and uncover things in 
an operation that management might wish to 
leave alone. One must use discretion in this 
case. It also appears that the closer the Oper- 
ations Research group is near the top the 
greater the probability that implementation 
will occur. Even one or two levels to work 
through can lead to significant success, but 
when we get to ihe third, fourth, and fifth levels 
the analysis gets lost along with project defini- 
tion, etc. Usually, these projects are used by the 
department manager as ‘in case’ analysis—In 
case the president should ask. My advice to 
the analyst after 2-3 years in this sort of en- 
vironment is to leave. What occurs is the repe- 
tition of the same projects utilizing the same 
techniques and you are tunneling your experi- 
ence, not learning new knowledge. 

One individual I recently talked to had 10 
years’ experience in Operations Research at the 
same level. He really did not have 10 years’ 
experience but 2 years’ experience five times. 
This is not to say 10 years’ experience in Oper- 
ations Research is of no value, if the individual 
is growing in responsibility or exploring signifi- 
cantly new areas, then ‘OK’. But this is not 
generally the case in large Operations Research 
departments and stagnation can set in. 

But let’s get away from this doom and gloom 
scenario and investigate... 

What is an Operations Research project? 

What are its characteristics? 
There are a myriad of ways to approach a 
management problem; many of these are 
related or at least somewhat associated. In my 
mind there is certainly no dogma that indicates 
that linear programming techniques should be 
used for problem type A or queueing theory 
always solves problem type B. 

Just as there are many Operations Research 
techniques, many types of specialists such as 
Operations Research Analysts, Industrial 
Engineers, Economists, Accountants or Finan- 
cial Analysts all can approach a management 
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problem in various ways. There is no clearly 
established guidelines for technique application 
or discipline that specifically is the best manner 
to derive a solution. 

But most Operations Research applications 
do possess some distinguishing characteristics 
and I offer four as a frame of reference. 


OPERATIONS RESEARCH 
APPLICATION ATTRIBUTES 


1. A primary focus on the decision-making 


Principal results of the analysis must have 
direct and unambiguous implication for execu- 
tive action. The reason we go through an Op- 
erations Research study is to lead to or assist 
in the decision making process. 


2. Analysis based on economic effectiveness 
= optimization, maximization or minimization 

The Operations Research approach revolves 
around development of a myriad of feasible 
solutions based on measurable—quantitative 
values. The solution is normally directed at 
maximizing, minimizing or optimizing some 
measurable quantity to the business firm. 
These quantities may be net income, cash fiow, 
return on investment (ROJ) etc. 


3. Reliance on a model 


Normally this model is mathematical. But let 
me caution it should not, if at all possible, be 
too complex if the hope for understanding and 
implementation prevails. 

Model building is the essence of the Oper- 
ations Research study. Constructing a model 
helps put the complexities and possible uncer- 
tainties attending a decision making problem 
into a logical framework amenable to compre- 
hensive analysis. 

Such a model classifies the decision alterna- 
tives and their anticipated effects, indicates the 
data that are relevant for analyzing the alterna- 
tives, and lead to informative conclusions. In 
short, the model is a vehicle for arriving at a 
well-structured view of validity. 


4. Utilization and dependence on the electronic 
computer 


The Operations Research model, because of 
the requirement for analyzing alternatives, 
sometimes called ‘What If? Scenarios, depends 
quite heavily on the electronic computer. The 
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computer is an aid to the Operations Research 
analyst so that he can analyze the complexities 
of the mathematic model, manipulate data, or 
for computation. 

I believe the main characteristics of an Oper- 
ations Study are now distinguishable but what 
approach should be taken? If the Operations 
Research study is to be successful, a systematic 
approach and user interaction must take place. 

The analyst and the user (decision making) 
must get together and ascertain a clear purpose 
for the analysis or model; with the end use 
being a guide for the building and development 
of the model. 

The outline listed below is a guideline to aid 
in a systematic approach to modeling or the 
Operations Research study. [7] 


SYSTEM DEFINITION 


A modeler must start with a clear definition 
of the questions which the model is being 
designed to answer. This top-down approach 
can be used to uncover the components of the 
system which need to be included in the model. 
After defining these components, the modeller 
can define the parameters and variables des- 
cribing the way these components interact and 
the functional relationship between them. This 
definition of architecture is often the most diffi- 
cult part of the process: it is critically depen- 
dent on the purpose the model/study is in- 
tended to serve. 


MODEL FORMULATION 


The next step in refining the model is to 
define in a formal way the interrelationship 
among the components of the model. 
Remember the decision maker is keenly aware 


of these relationships and must be the key in- © 


put in this phase. By using simple flow charts, 
block diagrams etc. you can put into layman’s 
terms the intricacies of the model. These first 
two phases are the key and require consider- 
able user/analyst interface. 


DATA PREPARATION 


In most situations the data of interest do 
not exist or at least do not exist in the form 
required. Make sure you get the data you 
require. Do not make assumptions just to get 


the data in order. Take time and get the data 
you need. 


MODEL TRANSLATION 


Once the basic architecture has been built 
and the correct data have been prepared, it is 
then a question of translating the model into a 
form which can be computerized. (Although 
this is the first time a computer enters the pic- 
ture in a direct way, quite often a lot of us start 
with this step). Translating the model for the 
computer involves the use of a computer pro- 
gramming language. There are now literally 
hundreds of programming languages in use, 
and the choice of the most appropriate lan- 
guage is often a nontrivial decision. Many 
times, however, the language is chosen and the 
model translation begun before the model has 
been defined. 


VALIDATION 


After the model has been translated and in- 
stalled in the computer, it must be validated—a 
nontrivial task. A good vantage point for vali- 
dating the model is to think of it in terms of 
the model-builders view of how the system 
works and to consider the question of truth as 
irrelevant. Validation tests are concerned only 
with the model’s ability to answer the ques- 
tions poised. 


STRATEGIC PLANNING 


Since a computer model costs money to run, 
it is necessary to plan the runs on the model 
very carefully. This strategic planning, of which 
trials are going to be run should be done very 
early in the model-building cycle. 


TACTICAL PLANNING 


Detailed plans must be made for running the 
_ model, including considerations of starting 
conditions, how long to run the model for 
equilibrium conditions, number of runs, etc. 


INTERPRETATION 


The answer that comes out of the model 
must be understood by the user; must give 
reasonable answers for reasonable situations; 
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and must give implementable solutions. The 
model must have realistic data requirements, 
must be able to answer ‘What if?” kinds of 
questions, must be easy to modify, and must be 
cost effective. In short, it has to be a sale- 
able product. 


DOCUMENTATION 


Not only must a program work, it must also 
be described and documented so that another 
analyst can easily understand and take up the 
slack. 

In summary, only with a _ disciplined 
approach as indicated will the process of model 
building/Operations Research study change 
from an art to a science and so be more accept- 
able to the community at large. 

But I am sure you are all sitting there stating 
that you know the characteristics of an Oper- 
ations Research study and you follow a system- 
atic approach to model building. Yet imple- 
mentation at large is still negligible to the 
whole. 

There are still several factors besides not 
knowing or acknowledging the Operations 
Research study characteristics or performing 
the analysis in a systematic manner that have 
impacted negatively on the Operations Re- 
search effectiveness ratio. 

These negative elements are: 


(1) Shortage of Time. 

(2) Inaccessibility of Data. 

(3) Resistance to Change. 

(4) Long Response Time. 

(5) Invalidating Specifications. 

These factors occur in many forms: [3] 


1. Shortage of time 


Management scientists simply do not suffi- 
ciently understand the constraint of time on 
decision making, and particularly on decisions 
that count; and the techniques they develop 
reflect that fact. They may write about time as 
a limitation. They may admonish managers for 
letting time push them into a ‘crisis’ mode. 
They may recognize the constraint of time with 
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a few words and comments on its influence. 
They may say that they, too, experience time 
constraints. But their techniques are so time 
consuming to use that managers pass them by. 
This simply means that the management 
scientists (a) need to get out of their relatively 
unpressured worlds and experience the impact 
of time on the decision making process, and (b) 
need to build the time factor into models in- 
stead of leaving it as an exogenous variable. 


2. Inaccessibility of data 


The second reason for ignoring management 
science in practice is relative to the time prob- 
lem. A manager will ordinarily use data or a 
management science tool only if both are con- 
veniently, speedily accessible. 

What does the management scientist do? He 
continues to construct models that call for sub- 
stantial investment in design and data collec- 
tion and managers discarding them. The state- 
ment is made that most data are not in the form 
that most models call for, or that they are not 
complete, yet the management scientist goes 
right on calling for inaccessible, non-existent, 
or uncomputed data to suit ‘theoretically cor- 
rect’ models. And hence managers continue to 
say, ‘skip it.’ 

Why shouldn’t the management scientist 
design a realistic model, or a realistic part of a 
model, or come up with a realistic data pres- 
cription? The result might be extremely crude, 
it might be embarrassing to the theoretician, it 
might be shot down by the purist and the 
theoretician. But it just might be used. 


3. Resistance to change 


Educating others in the organization who 
are not familiar with the tools, and who would 
resist using them if they were, is just too diffi- 
cult a task. 

Management scientists typically regard this 
problem as outside the scope of their jobs, at 
most, they remark on the need to educate more 
people and to change organizations so they 
become more scientific. 

Realistically the management scientists 
should get themselves some education and di- 
rect experience in the powers, politics and 
change-resistance factors in the real world of 
management so they can better incorporate the 
imperfect human variables in their work. 
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4. Long response time 


Fourth, few management scientist people are 
geared up to respond to significant manage- 
ment problems in ‘real time.’ Most manage- 
ment scientist personnel in staff positions of 
live organizations operate on a time frame that 
is slower than that of the line manager. It is 
their nature to approach a problem in a meth- 
odical, thorough way, even when the required 
response time dictates that they come up with 
a ‘quick and dirty’ solution. 


5. Invalidating specifications 


Fifth and finally, it is standard operating 
procedure for most management science people 
to strip away so much of a real problem with 
‘simplifying assumption’ that the remaining 
carcass of the problem and its attendant solu- 
tion bear little resemblance to the reality with 
which the manager must deal. 

The time constraints, the data-availability 
questions, the people problems, the power 
structures and the political pressures are the 
important, nasty areas that close to the essence 
of management are simplified out of existence 
so that a technically beautiful and useless, reso- 
lution may be achieved. 

They leave it to the manager to worry about 
shortage of time, inaccessibility of data, resist- 
ance to change, slow response time and over- 
simplified solutions. 

But the ineffectiveness of Operations 
Research is not totally in the corner or domain 
of the Management Scientist. Even when all 
the previously mentioned factors are overcome, 
the manager offers an almost complete con- 
trast. He integrates and assigns the sizes, he 
sees situations as mosaics, his thoughts and 


decision processes are so complex you can 


never be sure how he is operating. 

At the core of his value system are depth and 
breadth of experience which he may even per- 
mit to outweigh facts where the whole picture 
seems to justify it. 

But how can we overcome this gap which is 
not only cultural but practical and which 
affects Operations Research effectiveness? 

Closing any gap requires that one or both 
cultures change. It is my belief that the man- 
agement scientist must move first. The end 
product is supposed to be management, after 
all, not management science. 
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The management scientist is not going to 
find it easy or comfortable to change and yet it 
is he who must change most in attitude, action 
and life style. He is going to have to think in 
terms of managers’ 

—perception, 

—needs, 

—expectations, and 

—pressures, 
that is, if he wants to have impact on the real 
world of the manager. 

What concretely can be done? Let me offer a 
few suggestions to the management science 
people and the managers they are supposed to 
be helping. 

First, top management should not isolate the 
management science people but sprinkle them 
throughout the organization in situations 
where they can really go to work. It should 
give them line responsibility for results. Man- 
agement should not think of having an operat- 
ing person on a management science team—it 
should think of having a management scientist 
on an operating team. 

Second, managers should demand imple- 
mentation by management scientists; they 
should not tolerate ‘package’ solutions that 
leave out the complicating factors. In that way, 
managers can avoid simplistic, unworkable 
solutions that ignore the factors of time, data 
accessibility, unwillingness of people to change, 
power and so on. 

Third, even when professional management 
scientists are brought into companies as con- 
sultants, they are often given the easy, old 
problems, for the reasons that I have named. 
This expectational cycle has to be broken. 


AT THE UNIVERSITY 


The same general approach is valid within 
universities. 

First, both management science faculty and 
students have to get out of the isolated, insu- 
lated world of academe. They must go beyond 
structured cases and lectures and become di- 
rectly involved in real-world, real-time, live 
projects, not as a way of applying what they 
know, but as a way of learning. 

It is a mistake to teach the student linear 
programming or decision theory and then 
search for a problem to which the tool can be 
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applied. That creates the classic academic situ- 
ation from which managers are revolting—the 
tool in search of a problem. Instead, tackle the 
real problem. This will be frustrating, but the 
frustration of trying to reach a workable solu- 
tion can be used to teach the management 
scientist or student in a way that is useful both 
to him and to the business or government unit. 
The solutions thus derived may not be so ele- 
gant as they might be, but they may be used. 
The student who wants to reach for higher, 
more sophisticated theories should be treated 
as a special case. 

Second, management science people should 
stop tackling the neat, simple problems or re- 
fining approaches to problems already solved. 
These projects may be easier, but working and 
reworking them will not help bridge the cul- 
tural gap I am talking about. 

Instead, tackle the tough problem. The 
management of time pressure and the use of 
the persuasion and negotiation required by a 
real, tough problem will give both the faculty 
member and the student some discipline in 
convincing others to follow a strange idea, to 
cooperate and to listen. 

Finally, universities should bring in real 
managers and involve them directly in prob- 
lem-solving and joint-learning sessions. The 
universities can offer managers an update in 
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science; corporate managers can offer uni- 
versities an update in management. 

These are some of the ways to build bridges. 
There are other ways to tear them down or to 
maintain the gap. Jargon, for example, will 
drive away managers. So will intellectual snob- 
bery toward ‘intuitive’ decision making. Man- 
agement scientists should dispense with both. 
Managers can maintain the gap by continuing 
to refer past disillusionments and never allow- 
ing management science to profit from past 
mistakes. 
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Organizations develop and install computer-based information systems because they expect their 
benefits to exceed their costs. Benefits come in all varieties, but our measurement skills are best 
developed in the area of efficiency improvement—reducing the cost of data processing. Since there 
are normally more potential projects than available resources, this imbalance in our capacity to 
measure the full range of benefits can lead to accepting projects of lower overall value than that of 
some which are rejected. This paper analyzes the impact of present benefits measurement practices, 


and suggests some possible improvements. 


BENEFITS MEASUREMENT: 
THE BASIC PROBLEM IN 
PROJECT SELECTION 


GAUGING the benefits of management infor- 
mation system (MIS) projects is not a new 
problem. It has been discussed for many years; 
yet it remains, for the most part, an unsolved 
problem. The usual focus in discussions of MIS 
benefits is on the evaluation process, measuring 
benefits after the system has been implemented. 
This paper focuses on another phase of the 
MIS development process—project selection. 
The criteria used to evaluate a system after im- 
plementation should be the same as those used 
to select that system for development in the 
first place. Thus, selection and evaluation are 
two sides of the same coin. And in many re- 
spects, selection is a more difficult problem. 
Early efforts to use computers to support the 
management of organizations focused on auto- 
mating clerical tasks. The primary benefit of 
these systems was a reduction in the cost of 
data processing. The use of computers has now 
moved well beyond clerical automation, and 
this has greatly expanded the range of benefits. 


Knutsen & Nolan [7] suggest the following six 
classes of benefits arising from computer-based 
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systems: 


(1) equipment displacement, 


(2) reduction of personnel in data processing 
tasks, 


(3) increased operational efficiency in func- 
tional areas, 


(4) increased sales, 


(5) better managerial planning and control, 
and 


(6) other organizational 
bility. 


impacts—e.g. flexi- 


Every system is likely to offer a unique mix of 
these six types of benefits, and this is the source 
of the measurement problem. We must find 
techniques which allow the comparison of 
systems offering essentially different types of 
benefits. 

Some measurement of system benefits is 
required at both the selection and evaluation 
stages, but the nature of the necessary measure- 
ment differs due to differences in the decisions 
being made. Four distinct decisions can be 
identified : 


(1) go/no go (investment) decisions, 
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TABLE |. DECISIONS REQUIRING SYSTEM EVALUATION 





Decision Implicit question 


Measurement demands 





Selection decisions 


1. Go/No Go 
decision 


does this project meet the 

minimum requirements for 

consideration? 

2. Resource 
allocation 
decision 


does this project represent 
the “best” use of resources 
among the available (and 
potential) uses? 


Evaluation decisions 
3. Post project 


is this project providing 
audit 


the promised benefits? 
4. System tuning how could this system be 

modified to provide greater 
benefit to the organization? 


identification of benefits sufficient to meet 
minimum required level 


identification of all benefits; measurement 
on a scale which allows comparison across 
projects 


tracking of all expected benefits; measurements 
need not be comparable 


identification of all benefits; measurements 
need not be comparable 





(2) resource allocation decisions, 
(3) post project audits, and 


(4) system tuning (performance diagnosis and 
improvement). 


The first two of these decisions relate to project 
selection, and the last two to after the fact 
evaluation. Table | outlines these decisions, the 
implicit questions upon which they are based, 


and the demands they place on the measure- 
ment of benefits. 

Measuring system benefits becomes more 
difficult either (1) when it is necessary to 
measure all benefits or (2) when benefits must 
be measured on comparable scales. For the 
go/no’go decision on a single project, neither of 
these requirements apply. For after the fact 
evaluation decisions it is often necessary to 
consider the full range of benefits, but compar- 
able scales are seldom required. 

It is only in the case of project selection in a 
limited resource environment—the Resource 
Allocation Decision—that it becomes critical 
to measure all types of benefits and to use com- 
parable measures for al! types. If only a few 
organizations needed to face this question of 
resource allocation, the need for improved pro- 
ject selection techniques would not be great. 
However, this is not the case. Most organiza- 
tions have more opportunities than available 
resources [12]. Thus, the value of improved 


techniques for project selection could be sub- 
stantial. 


A NORMATIVE FRAMEWORK FOR 
PROJECT SELECTION 


Ideally, the solution to the project selection 
problem should be the application of cost- 
benefit analysis. Carlson [3], in reviewing six 
selection and evaluation techniques, concludes 
that cost-benefit analyses should provide more 
meaningful results than any of the other avail- 
able techniques. He notes, however, that there 
are often problems in obtaining measures of 
project benefits. 

The existence of these measurement prob- 
lems led Knutsen & Nolan [7] to reject cost- 
benefit analysis as a valid tool for MIS project 
selection. They contend that the technique’s 
focus on monetary measures of benefit will lead 
organizations to choose projects which are 
clerical in nature, because the resulting cost 
savings are easily measured. Thus, they argue, 
projects in areas of great importance to the 
organization will not be undertaken because 
their benefits are more difficult to measure. 

Knutsen & Nolan’s point should not be 
ignored. If the use of cost-benefit analysis 
results in ignoring the harder to measure bene- 
fits, it will often lead to unwise decisions. We 
must ask, however, whether this is a necessary 
result of using the technique. 

King & Schrems [6], in a tutorial on cost- 
benefit analysis for MIS, suggest that the tech- 
nique can be used to consider a wide range of 
benefit types. They point to certain measure- 
ment problems, but they do not believe these 
problems are insurmountable. Indeed, they 
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describe the ways in which the dollar value of 
certain hard to quantify benefits has been esti- 
mated in past projects. 

To be sure, there are difficulties in estimating 
the value of some project benefits. King & 
Schrems [6] list a number of these problems, 
including)” 


(1) the ‘natural’ unit of measurement may not 
be comparable across all benefits; 


(2) some benefits will be of different value to 
different people (e.g. different users of a 
multi-user system); 


(3) the quantification of some benefits is, of 
necessity, highly subjective and subject to 
great uncertainty; 


(4) the benefits actually obtained may depend 
on the operating environment for the sys- 
tem (e.g. response time of the system may 
affect the value of the information it pro- 
duces); and 


(5) benefits are estimated at the start of the 
project but may change over the life of the 
system. 


Their implicit response is that while these 
problems make the proper use of cost-benefit 
analysis difficult, they do not make it impos- 
sible. 

Indeed, if we consider the types of benefits 
claimed for MIS projects (Knutsen & Nolan's 
list, for example), it should be possible to quan- 
tify all of them. Each of these benefits is aimed 
at increasing the efficiency or effectiveness of 
the organization. Ultimately, such changes are 
expected to have a financial impact on the 
organization. In some cases—e.g., equipment 
displacement, personnel reduction—the impact 
is immediate and easy to measure. In other 
cases—e.g. better planning and control, in- 
creased flexibility—the financial impact is less 
direct and less certain in magnitude. Nonethe- 
less, the expectation of an impact is there. 

The discussion so far has considered only the 
favorable impacts of information systems. It 
has often been noted (e.g. [1, 2,9]), that not all 
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impacts of a change to an organization’s infor- 
mation system are beneficial. These unfavor- 
able impacts have costs associated with them. 
Further, they are likely to lead to resistance to 
the new system, thus reducing or even eliminat- 
ing the benefits to be derived from it. A com- 
plete discussion of these unfavourable impacts 
is beyond the scope of this paper. Nonetheless, 
the possibility of this type of impact must be 
considered in evaluating any new information 
system, expecially when a choice must be made 
among alternative systems. 

We can summarize this discussion by sketch- 
ing a normative model of project selection. In 
order to properly allocate the organization’s 
resources among competing alternative uses, 
we must be able to identify these alternatives 
and to compare the benefits offered across 
alternatives. This comparison must include the 
total package of benefits offered by each pro- 
ject, and should recognize the possibility of un- 
favorable impacts. Since different projects offer 
different mixes of benefit types, performing this 
comparison requires that benefits be quanti- 
fied. The expectation of a financial impact is 
the key to this quantification. 

In the next section, certain aspects of the 
MIS project selection process in a major multi- 
national corporation will be examined. The 
process followed by this corporation will be 
compared to the normative process outlin.d 
above. Where discrepancies are noted, an 
attempt to explain them will be made. In the 
final section of the paper, some ways to bring 
practice more closely into line with the norma- 
tive model will be suggested. 


PROJECT SELECTION AT 
ALPHA PRODUCTS 


Alpha Products is a major corporation, with 
headquarters in the United States and oper- 
ations throughout the world. Alpha has a repu- 
tation for being progressive in its use of 
management science techniques (including in- 
formation systems) and has a long record of 
experience in this area. Alpha uses a formalized 
systems life cycle approach similar to those 
now used by many large organizations. Thus, 
while not a statistical sample, Alpha should 
provide data representative of the current state 
of practice in MIS project selection method- 
ology. 
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Data were collected by analyzing written 
proposals for 71 MIS projects at Alpha. The 
bulk of these (61) came from three Corporate 
Office units—Finance, Personnel, and Opera- 
tions—the remainder coming from overseas 
units which report to the Corporate Office. The 
projects ranged widely in size—direct develop- 
ment costs varied from $1000 to nearly 
$500,000—and in type—including new system 
development, system extension, program modi- 
fication, support of production runs, consulting 
services, special one time analyses, etc. For 


purposes of analysis, projects were placed into 
three groups: 


(1) Development—the development of a new 
system or the extension of the functional 
capabilities of an existing system; 


(2) Modification—changing report formats, file 
structures or the specifics of processing in 
an existing system; and 


(3) Support—provision of general MIS con- 
sulting services, one-shot reports, etc. 


Alpha’s written project proposals do not 
reveal the entire project selection process. They 
do enable us to examine, however, the estima- 
tion of project benefits—the extent to which 
benefits are quantified, whether quantification 
is based on a common scale, and the breadth of 
benefits considered. 

As suggested earlier, the benefits claimed for 
MIS projects are increases in the organization’s 
efficiency—reducing the cost of accomplishing 
clerical tasks—or effectiveness—enabling better 
performance of some substantive task.? Most 
of the benefits cited in Alpha’s project pro- 
posals could be classified as one of these types. 
However, in a number of instances, another 
type of ‘benefit’ was cited—addressing a man- 
dated reporting or recordkeeping requirement. 
With the inclusion of this third type, all bene- 





3 The definition of efficiency being used here is a rela- 
tively narrow one. Improvements in the Output—Input 
ratio in non-clerical areas will be considered increases in 
effectiveness for the remainder of the paper. 

*Some projects cited no benefits at all. While these data 
could be used for some parts of the analysis, no attempt 
was made to determine which type(s) of benefit the project 
provided. 
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fits cited could be classified as one of the three 
types—Efficiency, Effectiveness or Mandated.* 


The pattern of benefits quantification 


Of the 71 project proposals in our sample, 25 
(35.2%) make some attempt to quantify (on 
some scale) the expected benefits (or a portion 
thereof); the remaining 46 projects either make 
no attempt to quantify the suggested benefits 
(38 cases) or list no benefit at all. All proposals 
in this sample were for projects which had been 
approved. Thus, a sizable percentage of the 
projects selected by Alpha for implementation 
were chosen without documentation of any 
quantitative estimates of their likely benefits. 

To some extent, the lack of quantification is 
due to the variety of project types and sizes 
included in the sample (see Table 2). It is 
apparent that benefits were less likely to be 
quantified for maintenance projects and small 
projects than for the development projects and 
larger projects. Overall, though benefits were 
quantified for many of the largest projects, for 
a large number of significant projects this was 
not the case. Further, we have considered only 
whether any benefits were quantified, not 
whether the full range of benefits had been 
examined and their values estimated. 

The data in Table 3 address this latter 
question. The majority of projects claiming any 
benefit at all list only a single specific benefit or 
impact on the organization. While this does 
not prove a failure to consider the full range of 
system benefits, it is suggestive of one, as most 
projects have multiple impacts on an organiza- 
tion (consider Knutsen & Nolan’s six cate- 
gories). These data also shed more light on the 
extent to which benefits are quantified. The 
tendency to quantify benefits increases—both 
in the percentage of projects for which at least 
some benefits are quantified and in the average 
percentage of the indicated benefits quantified 
per project—with the number of specific bene- 
fits identified. However, even in the categories 
with the highest degrees of quantification, only 
about half of the indicated benefits are quanti- 
fied. 

In summary, the pattern of MIS project 
benefits quantification at Alpha shows that for 
the majority of projects, no quantification of 
benefits has been made. This is most apparent 
on small projects and on projects to support or 
modify existing systems. The evidence also sug- 
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TABLE 2. BENEFIT QUANTIFICATION® BY PROJECT TYPE AND SIZE 





Size” 





Less than 
$10,000 


$10,000- 
50,000 


Greater than 
$50,000 





Type 
Production support 8* 0 12 


(0%)t (—) (0%)t 


System modification 0 27 
(33.3%) 
32 


—) 
System development 8 


(87.5%) 





8 


(20.9%)t (45.0%) (87.5%) 





* Number of projects. : 
+ Percentage of projects having quantified benefits. 


* One entry per project, classified as quantified if any benefits for the project are quantified. 


> Development cost. 


gests that consideration of the full range of 
benefits is not occurring in a large number of 
Alpha’s project proposals. Further, there is no 
evidence that possible unfavorable system im- 
pacts were considered in any of the 71 projects 
examined. These findings indicate substantial 
discrepancies between Alpha’s practices and 
the normative model. We can infer that MIS 
project selection decisions at Alpha are being 
based on inadequate data, data which cannot 
assure the best allocation of resources among 
competing project proposals. And, it is unlikely 
that this situation is unique to Alpha. 


Possible explanations for the pattern observed 


Before attempting to prescribe ways to bring 
practice more in line with the normative 
model, we should consider some possible 
explanations for the existing situation. Without 
some understanding of why things are as they 
are, it is difficult to suggest meaningful 
changes. 


We will consider four possible explanations 
for the existing practices: 


(1) the economics of analysis, 
(2) resource allocation procedures at Alpha, 


(3) the political nature of the organizational 
environment, and 


(4) the linkage between observable impacts and 
financial outcomes. 


Economics of analysis. Performing a cost- 
benefit analysis is time consuming and costly. 
For some projects, especially small ones, the 
possible benefits to be derived from a rigorous 
examination may be smaller than the cost of 
examination. For such projects, it would not 
make economic sense to conduct an analysis. 
Thus, the substantial number of small projects 
included in the sample may provide a partial 
explanation for the existing pattern. 


TABLE 3. NUMBER OF BENEFITS LISTED BY PROJECTS 





Number of 
specific 
benefits 
claimed 


Number of 
projects 


Percent of 
projects 


Percent of 
projects 
with some 
benefits 
quantified 


Percent of 
specific 
benefits 

quantified 
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TABLE 4. BENEFIT QUANTIFICATION BY BENEFIT TYPE WITHIN FUNCTIONAL AREA 





Corporate 
finance 


Corporate 
personnel 


Corporate 
operations 





Mandated 2° 
O%t 
Efficiency > 

20% 
Effectiveness 7 

0% 
14 
(7.1%)t 


0 
7 
71.4% 
8 
62.5% 
15 
(66.7%) 





* Number of benefit classes listed by projects. 


+ Percentage of benefit classes listed having quantified benefits; a class was considered quantified if 


any benefit of that class was quantified. 


“Total number of benefit classes listed in the 61 projects from corporate office units. 


Resource allocation procedures. Alpha allo- 
cates a major portion of available system de- 
velopment resources to organizational units 
when annual budgets are drawn up. Each unit 
has the responsibility to manage the resources 
allocated to it, and the allocation of resources 
to specific projects is accomplished in the local 
environment. The manager of an organiza- 
tional unit may feel that he (or she) has enough 
understanding of that environment to make 
allocation decisions without rigorous analyses 
of project impacts. Again, this may explain in 
part the observed pattern. 

The political nature of the environment. 
Organizations are acknowledged to be political 
entities [13]. As a result, actions taken are not 
always based solely on economic criteria. 
Other criteria may supplement, or even sup- 
plant, economics in the project selection deci- 
sion. If non-economic criteria play a dominant 
role in project selection, there is little reason to 
conduct formal economic analyses. No formal 
data were collected at Alpha to test the extent 
to which political (non-economic) factors in- 
fluence project selection decisions. However, 
the large number of projects selected at Alpha 
without formal economic justifications is con- 
sistent with political behavior. 

Linkage to financial outcomes. Some of the 
impacts of MIS projects can be linked quite 
readily to financial outcomes; for others the 
linkage is not so straightforward. The data 
from Alpha provide two examples of this 
phenomenon—the contrast between efficiency 
and effectiveness benefits, and differences in the 
degree of linkage as between different func- 
tional areas. In the former case, better models 
generally exist of the relationship between effi- 


ciency improvements (i.e. changes in data 
handling operations) and financial outcomes 
than of the relationship between effectiveness 
improvements and financial outcomes. The 
data (Table 4) bear this out. There is a mark- 
edly higher incidence of quantification of effi- 
ciency benefits than of either of the other types. 

Across functional areas, generally the models 
linking activity to financial outcomes are better 
for functions close to the organization’s out- 
puts (e.g. production or distribution) than for 
functions which are distant from those outputs 
(e.g. finance or personnel). The more explicit 
the model for a functional area is, the more 
likely it is that the value of changes in the in- 
formation system for that area can be esti- 
mated. Table 4 indicates that Finance and Per- 
sonnel show markedly lower tendencies to 
quantify project benefits than does Operations, 
and this is consistent with the linkage hypoth- 
esis. 

This difference across departments also 
appears when we look at the three classes of 
benefits separately. Operations is less likely 
than the staff departments to claim a system as 
mandated. And, in both the efficiency and 
effectiveness classes, Operations shows sub- 
stantially higher percentages of benefits quanti- 
fied than do the Personnel and Finance depart- 
ments. While the linkage hypothesis might 
explain the difference for effectiveness benefits, 
improvements in data processing efficiency 
should be no more difficult to quantify in Per- 
sonnel than in Operations. Perhaps some sort 
of ‘halo effect’ is in operation; the practice of 
not quantifying benefits in areas where models 
are fuzzy, spills over to the efficiency area 
where good models do exist. 
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These four practices may well account for 
much of the incomplete analysis of project 
benefits observed at Alpha. Before suggesting 
ways to change the project selection process, 
we must consider the purposes served by the 
four practices. 

Not performing a rigorous analysis where 
the cost of analysis is high and that of the pro- 
ject low is sensible. Submitting all projects to 
thorough analyses could increase costs far 
more than it would likely increase benefits. 
There is a danger, however, that this procedure 
will result in the bulk of available resources 
being allocated to low cost, and likely low 
benefit, projects, leaving inadequate resources 
for larger projects with greater potential. 

By placing decision and control responsibi- 
lity in the hands of the local unit manager, 
lump-sum allocations garner all of the benefits 
normally suggested for organizational decen- 
tralization [10, Chapter 24]. However, by giv- 
ing individual organizational units uncontested 
ciaim to a certain quantity of resources, this 
procedure introduces a disincentive to rigorous 
analysis of project benefits. Such analyses 
could show that one unit’s projects were not as 
beneficial as those in other units, and this 
could lead to a loss of resources. If the analyses 
are never made, inter-unit comparisons cannot 
be made, and each unit is assured of keeping its 
pre-allocated share of the pie. 

Political behavior in organizations is a fact 
of life. It would be difficult, and probably un- 
desirable, to eliminate political criteria from 
the project selection decision. While the use of 
non-economic criteria is not by itself bad, the 
impact of that use may be to drive out hard 
analysis. Without analysis, it is difficult to 
assess how well the allocation of resources to 
projects matches the organization’s objectives. 
Economic analyses should be one input to the 
admittedly political decision making process. 

In the case of the linkage hypothesis, the 
question is not so much whether it is desirable, 
but rather whether it is inevitable. Are staff 
functions so remote from the business of the 
organization that the impacts of changes in 
their methods are essentially. non-quantifiable? 
The ten project proposals from Alpha’s over- 
seas divisions suggest this is not so. All of the 
projects proposed by these divisions listed 
quantified benefits. All efficiency benefits are 
quantified (7 projects), as are half of the effec- 


533 


tiveness benefits (6 projects). Of these ten pro- 
jects, nine are in the finance area and one is in 
operations. Two of the financial systems are 
justified solely on the basis of quantified effec- 
tiveness type benefits. Thus, it is possible to 
estimate the impact of effectiveness improving 
information systems in areas remote from the 
organization’s product. 

In summary, of the four practices suggested 
as possible explanations for the pattern of in- 
complete project analysis observed at Alpha: 


(1). two—economics of analysis and lump-sum 
allocations—can serve useful purposes but 
can also be dysfunctional; 


(2) one—the linkage hypothesis—is probably 
quite common, but serves no useful purpose 
and can be avoided; and 


(3) one—the political environment—is a fact of 
life sometimes used as an excuse for failing 
to perform an analysis. 


The next section of this paper considers an 
approach to modifying the project selection 
process to bring it closer to the normative 
model. These modifications directly address the 
problem of linking information system changes 
to financial outcomes, and may impact the 
economics of analysis by making good analysis 
less costly. They do not address the problems 
posed by lump-sum resource allocations nor by 
a political environment which chooses to avoid 
explicit analysis. 


SOME DIRECTIONS FOR CHANGE 


One key requisite for improving benefits esti- 
‘mation is the development of a meaningful tax- 
onomy of benefit types. The purpose of this 
taxonomy is to help identify the full range of 
project benefits and to enable their measure- 
ment. To achieve this end, the taxonomy 
should 


(1) be comprehensive, covering all types.of sys- 
tem benefits, 


(2) be concise, lest it be too cumbersome to be 
of use, and 


(3) provide guidance for the benefit measure- 
ment and comparison processes. 
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TABLE 5. CLASSIFICATION OF CITED INFORMATION SYSTEM BENEFITS 





Benefit class 


No. of cases % Of cases °*% quantified 





Mandates . Record or report 
required information 
(‘Mandated’) 

. Reduce information 
processing or 
handling costs 
(‘Efficiency’) 

3. Improve asset utilization 
and resource control 

. Improve planning process 

. Increase organizational 
flexibility 

. Promote organizational 
learning 


Organizational 
processes 


Information 


. Provide greater accuracy 
characteristics 


in clerical operations, 
fewer errors 

. Provide information on a 
more timely basis 

. Provide new/more/better 
information 


10. Other 
Total 


14 11.3 0.0 





The taxonomies introduced so far in this paper 
meet the first two criteria, but fail on the third. 

The following taxonomy is proposed as a 
starting point: 


(1) Record or report required information 
(Mandated); 


(2) Reduce information processing or handling 
costs (Efficiency); 


(3) Improve asset utilization and resource con- 
trol; 


(4) Improve planning process; 
(5) Increase organizational flexibility; 


(6) Promote organizational learning; 


(7) Provide greater accuracy in clerical oper- 
ations, fewer errors; 


(8) Provide information on a more timely 
basis; and 


(9) Provide new/more/better information. 


This taxonomy appears to meet the three 
criteria suggested above. Clearly, it is concise; 


it includes only nine categories of benefits. We 
can test the comprehensiveness of these cate- 
gories using data from Alpha. The benefits 
listed in the 71 project proposals were classified 
according to the proposed taxonomy. Table 5 
shows the results of this classification, and 
samples of the benefits falling into each cate- 
gory are presented in the appendix. All but 
four of the 124 specific benefits listed in these 
proposals could be placed in one of the nine 
categories. The remaining four could not be 
categorized because they differed in level of 
analysis from the categories in the taxonomy 
(to be discussed below). 

While the proposed taxonomy was adequate 
for classifying almost all statements of benefit 
included in Alpha’s MIS project proposals, it is 
doubtful that the taxonomy is exhaustive as it 
stands. First, only beneficial impacts have been 


. included, Categories representing unfavorable 


impacts might be added; but the analysis of 
these impacts and their classification is beyond 
the scope of this paper. Second, additional 
categories of beneficial impacts might prove 
necessary, and these could be added as the 
need for them is shown. 

Finally, we can consider the guidance this 
taxonomy provides to the measurement and 
comparison processes. Information system im- 
pacts can be analyzed at a number of levels. 
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The highest level is the system’s impact on 
organizational outcome  variables—sales 
revenue, customer satisfaction, profit contribu- 
tion, etc. These are the ultimate impacts of the 
system. They do not follow from it directly and 
immediately, but rather result from changes to 
organizational processes—e.g. planning, con- 
trol, learning. These processes represent a 
second level of analysis, and are included in the 
taxonomy as benefit classes 2-6. There is a 
third, still lower, level at which information 
system impacts can be analyzed: the immediate 
changes to the information produced by the sys- 
tem and available to the organization. These 
changes, represented by benefit classes 7-9, 
affect the organization only through the pro- 
cesses listed above them. 

Eight of the nine benefit classes included in 
the taxonomy fall into these latter two 
groups—changes to organizational processes 
and changes to information produced. Ulti- 
mate impacts were not included; first, because 
the number of unique ultimate impacts is too 
large, and second, because they can be deter- 
mined once the process changes are identified. 
The ninth benefit class included in the tax- 
onomy—mandated changes to information sys- 
tems—forms a group by itself. 

The final column in Table 5 shows the 
degree to which benefits were quantified within 
each of the classes. The bulk of the quantifica- 
tion occurred in those classes representing 
changes to organizational processes. This is not 
a coincidence, and it provides useful insight. 
Changes to processes are the link between 
changes to information and organizational out- 
comes. It is only once we understand how the 
new information will be used that its value can 
be estimated. Thus, efforts to quantify benefits 
should focus on the changes in organizational 
processes which will result from changes to in- 
formation systems. 

It should be possible to develop estimates for 
all benefits in the process change category. The 
degree of certainty will vary from class to class, 
and the ordering of these classes is meant to 
approximate decreasing certainty of estimates. 
At one extreme, the impact of increased data 
processing efficiency can be estimated with 
relative certainty. Toward the other extreme, 
the impact of increased organizational flexi- 
bility is far less certain. But, this does not mean 
that it cannot be estimated. There is evidence 


535 


to suggest that managers have fairly good im- 
plicit models of the processes that affect their 
organizations [4]. We should be able to tap 
into these models to develop at least a range 
(e.g. best case-worst case scenarios) of esti- 
mates for the value of these less certain process 
changes. 

Changes to information characteristics are, 
by themselves, of no value, and it does not 
make sense to attempt to estimate values for 
informational changes as such. Rather, con- 
sideration should be given to how these changes 
will affect organizational processes. The impact 
of those process changes can then be estimated. 

In the case of mandated changes, there really 
is nO reason to estimate the value of the 
change. Where a particular change truly is 
mandatory, emphasis should be placed on 
accomplishing the change at the lowest cost. 
Care must be taken, however, to assure that 
classifying a change as mandatory is not simply 
a device used to avoid rigorous analysis of a 
project. 

In summary, the taxonomy helps to guide 
the measurement process by focusing it on 
those types of benefits which can be estimated, 
process changes. Other benefit types should 
first be converted to a process change, and then 
an estimate can be made. 

One problem remains. Since uncertainty 
about the value of a benefit will vary from class 
to class, meaningful project to project compari- 
sons cannot be made simply by summing all 
benefits for a given project and comparing 
totals across projects. That would imply that 
the sole concern was the expected value of the 
benefits without regard to risk. Risk and return 
must both be considered, and the organiza- 
tion’s risk preference must enter into this con- 
sideration. 


At least two general approaches for compar- 
ing projects having differing mixes of benefits 
(and hence, uncertainty) seem possible. One is 
to apply ‘discount factors’ to expected benefits 
according to the degree of uncertainty they 
present, and then to sum across benefits. The 
more uncertain the benefit, the larger the dis- 
count would be. Scoring models (such as in 
[8]) are representative of this general 
approach. The problems with this technique 
are (1) it likely understates the relative value of 
a project with a preponderance of benefits in 
the more uncertain categories, and (2) it may 
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be difficult to determine discount factors which 
reflect the organization’s risk preferences over 
a range of situations (e.g. type of benefit, size of 
the minimum or maximum benefit). 

A second approach is to present each project 
as a vector, showing for each benefit category 
minimum, maximum, and most likely values. 
This addresses the two problems raised above, 
but presents a new one. The individual decision 
maker must now make the risk-return trade- 
off, and there is evidence which suggests that 
individuals who see only a subset of the organi- 
zation’s activities are more risk averse than are 
top managers of the organization [5]. No solu- 
tion is offered at this point, but both 
approaches seem to be worth trying. 


SUMMARY AND DIRECTIONS 
FOR FURTHER RESEARCH 


This paper has suggested that project selec- 
tion is an important, often overlooked step in 
the MIS development process. Effective project 
selection decisions require consideration of all 
benefits to be derived from a project and 
measurement of these benefits on comparable 
scales. Current practice often involves estimat- 
ing those classes of benefits which are easiest to 
measure and about which there is little uncer- 
tainty, and describing other very real benefits 
as intagnible. In fact, these latter benefits are 
tangible; however, they cannot be measured as 
easily or with as great certainty as can the 
former group. 

A taxonomy to help identify the full range of 
benefits was presented, and the outline of an 
approach to benefits measurement was 
sketched. The next step must be a test of this 
taxonomy and refinement of the measurement 
approach. Among the questions requiring 
answers are: 


(1) will application of the taxonomy lead to 
more complete identification of project 
benefits? 


(2) is the taxonomy rich enough to capture the 
full range of benefits? 


(3) can changes to information characteristics 
be linked to organizational process 
changes? 





*>Number of specific statements in this class in the 
sample of 71 projects at Alpha Products. 


(4) how can estimates differing in uncertainty 
best be combined and compared? 


(5) can this approach work in an inherently 
political environment? and 


(6) what impact, if any, does following this 
approach have on project selection deci- 
sions—that is, will they improve? 
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APPENDIX 
Samples of Benefits Specified in Alpha Products’ 
MIS Project proposals 


I. Record/Report Required Information (‘Mandated’) 
—n = 145 

1. comply with court order 

2. top management committee mandate 
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3. to comply with ERISA 
4. audit department recommendations 
5. company policy 
6. tax department request 
II. Reduce Information Processing/Handling Costs 
(‘Efficiency’}—n = 47 
. relieve payroll department manual effort 
. reduce reruns 
. reduce time spent researching and correcting 
errors 
. man-hour time savings over prior method 
. reduce number of Master Files created 
. Savings in cost of report mailing 
. eliminate double data entry and manual updating 
. Manpower savings through automation of analy- 
sis 
. eliminate maintenance on existing system 
. reduce training needs 
. improved efficiency in assembling and distribut- 
ing bills of material 
. simplify user procedures for processing requests 
. save time and effort on future system modifica- 
tion 
. Improve Asset Utilization & Resource Control— 
n=12 
1. reduced transport delays 
2. reduction in equipment maintenance costs and 
costs due to equipment failure 
3. better allocation leading to increased product 
value 
4. better control of inventory 
5. better use of reworked goods through better in- 
formation about product characteristics 
6. permit more effective control of projects by 
managers and analysts 


IV. Improve Planning Process—n = 1 
1. better composition of product lines 


V. Increase Organizational Flexibility—n = 4 
1. flexibility to handle special mailings 
2. system easily modifiable as operating environ- 
ment changes 
3. system will allow quick and accurate response to 
crises 


4. 
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flexibility to adapt system to changing manage- 
ment needs for information 


VI. Promote Organizational Learning—n = 0 


None 


VII. Provide Greater Accuracy in Clerical Operations; 
Fewer Errors—n = 20 


l. 
pe 


“. 


assure proper calculation of premiums 
better control over price changes—fewer failures 
to update billing price to current level 


3. better recovery of customs duty paid 
4. 


improve audit, contol, and coordination of bene- 
fit plan payments 


. provide management with current reports and in- 


sure data integrity 


. verify aggreement with insurance company 


records 


. elimination of inter-system inconsistencies 
8. 


VIII. Provide Information on a More Timely Basis 


identify errors before check printing 


n=6 


l. 


5 
“. 


x | 


enable running of tests on regular basis without 
need for analyst involvement 

provide accurate information more quickly so 
that decisions can be made sooner (production 
and inventory decisions) 

complex analyses can be made available in more 
detail, more quickly, and more accurately 


IX. Provide New/More/Better Information—n = 14 


. file needed to produce retirement projections 
. system easier to use and more understandable 
. more effective provision of information required 


for purchasing and vendor delivery scheduling 


. able to do more analysis of operations data and 


determine financial effects 


. improve communication with beneficiaries 
. analyze impacts of regulations on existing sys- 


tems 


. make needed format changes 


X. Other—n = 4 


F 
2. 


3. 
4. 


prevent possible recurrence of a past problem 
better technical assistance to customers leading 
to higher profit contribution 

increased profit contribution 

provide needed support 
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The economic evaluation of Management Information Systems may be based on the following 
theories and techniques: Coutrol Theory, System Dynamics, (discrete-event) simulation, and gaming. 
Applications of these approaches are summarized. Advantages and disadvantages of the various 


approaches are presented. 


1. INTRODUCTION 


TRADITIONALLY the emphasis in computer 
science and ‘nformation science (called ‘infor- 
matica’ in Europe) has been on the evaluation 
of the technical performance of computer sys- 
tems, measured by such criteria as throughput, 
response time, CPU (Central Processing Unit) 
utilization, (see, for instance, [7]). Only a few 
attempts have been made to model the econo- 
mic performance of computerized information 
systems—or MIS (Management Information 
Systems)}—measured by criteria like profits, 
sales, inventories etc. In this paper we shall 
evaluate economic evaluation studies based on 
System Dynamics models and ‘discrete’ simula- 
tion. 


2. CONTROL THEORY 


Control Theory highlights the role of feed- 
back and feedforward information. Negative 
feedback means that information on a variable 
is compared to some desired goal value, and in 
the case of deviation between the actual and 
the goal value, corrective action is taken. Feed 
forward means that predictions or forecasts are 
made, such as sales forecasts. The advantage of 
Control Theory over techniques such as simu- 
lation is that it provides more general conclu- 


sions. The disadvantage of Control Theory is 
that it must introduce drastic simplifications in 
order to keep the mathematical problems 
within manageable limits. Hence its models are 
usually continuous, i.e. a very aggregated view 
of the world is maintained. The models are also 
linear in order to simplify analytical solutions 
(using Laplace transformations). Steady-state 
solutions are relatively easy to obtain so that 
transient behavior tends to be neglected. Deter- 
ministic models are simpler to solve than sto- 
chastic models. Hence bias but no stochastic 
noise was examined in the study by Politzer & 
Wilmés [9] which we shall discuss below. 
Delays are modeled through, e.g. first order 
exponential delays. The effects of such delays 
are illustrated in Fig. |: In the upper part the 
input shows a temporary increase (pulse) and 
in the lower part the input shows a permanent 
increase (ramp function). The reaction of the 
output depends on the order of the delay func- 
tion, as the figure illustrates. These delay con- 
cepts correspond with a continuous view of the 
world as is maintained in electrical engineering. 
For a critical discussion of such delay functions 
(also used in System Dynamics) we refer to 
Riethmiiller & Schreiber [10]. In Kleijnen [6] 
several sources of delay in MIS are discussed, 
such as update interval (say, weekly versus 
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monthly processing), retrieval delay in real- 
time-systems, decision delay (time to reach a 
decision and to affect the physical system) etc. 
These sources of delay would require non-con- 
tinuous, non-linear, stochastic models if we 
want a realistic model. So Control Theory is 
far removed from the mental models used by 
System Analysts and most users in data pro- 
cessing. It remains possible that at higher 'evels 
of decision-making a more aggregated view as 
proposed by Control Theory, becomes more 
appropriate. 

Politzer & Wilmes [9] applied Control 
Theory to the evaluation of a MIS. They restric- 
ted their study to a classical model for plan- 
ning inventories and production originated by 
Holt et al. [5] and known as the HMMS 
model. This model assumes simple quadratic 
cost relationships. The authors derived a 
steady-state solution based on a continuous 
version of the HMMS model, and they studied 
the effects of (exponential) ‘delay’ and bias. 
Gross value was found to react asymmetrically 
to multiplicative bias, i.e. overestimation had a 
different effect compared to underestimation. 
Delay was found to have an optimal value 


larger than zero, i.e. on-line systems do not 
necessarily yield higher gross benefits. How- 
ever, remember that these conclusions were de- 
rived under a number of restrictive assump- 
tions! 

If the Control Theoretic model cannot be 
solved analytically then we may resort to simu- 
lation, especially System Dynamics simulation. 


3. SYSTEM DYNAMICS 


System Dynamics (SD) or Industrial Dyna- 
mics has as its philosophy that each socio-tech- 
nical system can be looked upon as a dynamic 
system with (negative) feedback. Since it takes 
time to collect and process data on the output, 
to compare the resulting information to the 
norm, and to adapt the decision variables, time 
lags are created which make the model dyna- 
mic. Delays in information transmission may 
cause fluctuations within the company, as 
opposed to externally caused business cycles. 
The computer language that has been devel- 
oped especially fer this SD approach is 
DYNAMO, but other languages can also be 
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used, e.g. FORTRAN or the simulation lan- 
guage CSMP. 

There has been considerable controversy 
about the usefulness of the SD methodology. 
SD may tackle any problem, ranging from 
some subsystem within a company to such 
world problems as world energy resources. The 
approach does not pretend to give exact nu- 
merical predictions but it does show the dyna- 
mic properties of a system [1]. Thissen [13] 
examined a variety of techniques for improving 
the understanding of complex SD models. 
Nordhaus [8] emphasized that in SD relation- 
ships and variables are not based on empirical 
data—in contrast with traditional econome- 
trics—while changing an assumption may dras- 
tically affect the model’s outcome. Compared 
to other simulation approaches, SD has the 
advantage of being more than a _ technique. 
However, the very advantage of being a frame- 
work means that the modeler has to adopt a 
world view (with levels and rates) that is not 
spontaneous, but requires learning (or indoc- 
trination?). For instance, a discrete-event simu- 
lation of a queuing system is a direct represen- 
tation of the spontaneous, intuitive way such a 
system would be described by ‘anybody’. Un- 
fortunately, such a discrete—event description is 
too detailed for ‘large’ systems. Note that if one 
is willing to adopt the SD view of the world, 
mastering the SD technique needs practice in 
the art of model building. 

Of special interest to us is the concept of 
delay in SD. As in Control Theory SD uses 
delays of first order, second order, etc; see Fig. | 
above. We find a discrete view more compat- 
ible with the MIS world view (see section 2). 

Though a great many studies have been per- 
formed using the SD methodology, only a few 
of these studies concern the explicit study of 
information systems. 

Swanson [12] investigated the effects of 
error, distortion (bias), delay, and sampling 
(update interval). He modeled the control of 
manpower, production, and inventory, based 
on information on sales and inventory. Swan- 
son found that delay had the largest effect, 
while error had the smallest effect. His conclu- 
sions, however, are not based on solid statisti- 
cal methods: only two simulation runs per case 
with no interactions measured. 

At Philips Industries a series of studies was 
performed under the acronym IPSO: Initiating 


Production by Sales Orders [3, 14]. This stud- 
ied the effects of delays in information and 
examined the scope of the IS. In a chain of 
production processes—or more generally, a 
network of production processes—a process 
may be provided with information on the 
demand from the next process. Alternatively, 
this information may be augmented with mar- 
keting information, i.e. the demand by the ulti- 
mate customers of the company. Extending the 
scope of the data base so that besides ‘local’ 
data ‘global’ data are also available, was found 
to dampen the oscillations in the company’s 
inventories and activities. Note that this series 
of studies combined a number of techniques 
and ideas (‘models’). The models were strongly 
influenced by System Dynamics. The simula- 
tion experiments were combined with analyti- 
cal results derived for simplified models, e.g. 
Control Theory models. Analysis suggested 
which SD models to simulate, and simulation 
results were used to test analytical approxima- 
tions. 

In conclusion, SD is an extremely popular 
method. It is much more than a technique; it is 
a world view. SD is best known for its study of 
large scale systems: World Dynamics, Urban 
Dynamics, etc. For such large systems an 
aggregated view seems necessary. At such high 
levels of aggregation (‘the’ pollution, ‘the’ world 
consumption) continuous models may be ade- 
quate: flows, rates, exponential delays. How- 
ever, at the level of MIS we prefer move 
detailed models with discrete events, aperiodic 
decisions, and realistic representations of infor- 
mation attributes. A technique permitting such 
a level of detail is simulation together with its 
extension, gaming. Note that the derivation of 
adequate decision rules (policies) is assisted by 
SD modeling. Especially when the MIS is inte- 
grated (e.g. coupling the production and the 
inventory system), then large systems must in- 
deed be managed. 


4. SIMULATION 


The structure of simulation models can be 
different in the following respects. The system 
may be modeled by difference equations so that 
at equispaced points of time the state of the 
system is computed. An example is a corporate 
simulation model based on balance and profit 
& loss account relationships. Slightly more 
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complicated difference equations are used in 
System Dynamics: a set of recursive difference 
equations with variable coefficients (rates). In 
discrete event simulation the model is a most 
detailed representation of the real-world sys- 
tem in so far as individual events are repre- 
sented. Many languages have been developed 
for this approach, e.g. GPSS and SIMSCRIPT. 
In this section the term ‘simulation’ will 
exclude SD simulation models. 

Simulation permits the most realistic models. 
Moreover, the user—the client of the model 
builder—can better understand a simulation 
model. A disadvantage is that it may take 
much effort to build and run a simulation 
model, while the responses are, strictly, valid 
only for the specified values of the input vari- 
ables and parameters. In Kleijnen [6], how- 
ever, we have explained how statistical tech- 
niques can be used to generalize simulation 
results. Next we shall present an example of a 
simulation study on the value of information. 

Boyd & Krasnow [2] performed an interest- 
ing discrete-event simulation study on the time- 
liness of information in the context of a 


hypothetical manufacturing company. They in- 
vestigated periodic decision-making, tactical 
decisions being made less frequently than oper- 


ational decisions. They also varied the process- 
ing delay (turnaround time). The delays 
affected the speed with which decisions could 
react to changes in the environment such as 
changes in demand. This lead to fluctuations in 
both profit and physical variables like inven- 
tory. Reductions in the various delays im- 
proved profit significantly. 

Note that Welke [15] criticized the ad hoc 
character of simulation studies such as made 
by Boyd & Kranow [2]. He proposed a gen- 
eral framework for the simulation modeling of 
information systems. His framework supports a 
user’s view, as opposed to the traditional tech- 
nical data processing view. The framework can 
be applied to a particular system in order to 
generate a descriptive model, which can next 
be evaluated using a discrete-event simulation 
package. We refer to Welke [15] for more 


details. 
5. GAMING 


In gaming or man-machine simulation one 
or more input variables is determined by 
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human participants or ‘players’. Let us briefly 
compare gaming to pure computer simulation 
including System Dynamics simulation. The 
relative advantage of gaming is its behavioral 
realism: Decision-makers may have multiple— 
possibly vague—goals. They may use heuris- 
tic—possibly inconsistent—decision __ rules. 
They may form competing or colluding teams. 
They may show learning behavior or fatigue 
and boredom, and so on. The disadvantages of 
gaming relative to pure machine simulation, 
are lack of experimental control and certain 
practical nuisances. If the purpose of the game 
is to reach general conclusions rather than to 
train people, then human participation creates 
much noise. For instance, a player can show 
inferior performance not because he is supplied 
with poor information but because he lacks 
‘feeling’, gets bored, is confronted with superior 
opponents, etc. General conclusions require 
repeated runs with the game. But repeated runs 
are expensive or may even be impossible 
because of lack of players and computer time. 
Moreover, repeated runs are not completely 
comparable since the players show learning, 
fatigue etc. 

This brief discussion was not meant to decry 
gaming as a useful research instrument, but to 
warn against possible pitfalls. A general refer- 
ence on gaming is Shubik [11]. 

The ‘Minnesota gaming experiments were 
performed at the University of Minnesota’s 
MIS Research Center during the period 
1970-1975. In these experiments relationships 
were investigated among 


(i) the information system itself; 
(ii) the decision-maker: psychological charac- 
teristics, experience; 
(ii) the decision environment: 
versus strategic, etc. 


operational 


Dickson et al. [4] summarized nine different 
gaming experiments. The experiments taken 
together, showed that effects did occur when 
changing the experimental factors, i.e. informa- 
tion system, decision-maker, environment. Un- 
fortunately, no simple general relationships 
could be formulated. 


6. CONCLUSION 


The evaluation of the economic benefits of 
MIS forms an underdeveloped area. In order 
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to make progress in this area, we need theory 
plus tools. Theories provide framework, clues, 
guidelines, ideas, etc. Tools provide numerical 
results. In the context of MIS relevant theories 
seem to be: Control Theory, System Dynamics, 
Bayesian Information Economics. Useful tools 
are simulation, gaming, and—more generally— 
mathematical modeling and statistics. A new 
management style, fostered by more scientifi- 
cally trained managers, might stimulate the ac- 
ceptance of formal models. This paper sur- 
veyed a number of formal theories, models, and 
techniques. Their practical application remains 
as the major task. 
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The purpose of this paper is, through an ‘ethnographic’ approach, to review where the urban and region- 
al modeling field has been since its inception, regarding analytical inputs to policy analysis, policy 
development, policy assessment etc. Assessed are: What progress in understanding, explanation, 
evaluation has there been? Do we know a little or a lot more after 15 years than we did in 
1962-1963? More than anything—given our often overly ambitious aspirations, false starts, and 
imprecise objectives: Can representative members of the urban/regional modeling profession be 
more helpful to policy makers today than we were in the mid-sixties and early seventies? The paper 
reviews the phases through which this particular modeling field has achieved its current state of 
maturity, relative calm, and usefulness, and concludes with a discussion of how we could do even 


better. 


INTRODUCTION 


THERE ARE, literally, hundreds of urban ‘land 
use’ and regional development analytic models 
in various stages of development and use 
today. Given that these are continuously criti- 
qued in detail, elsewhere, I thought it would be 
worthwhile to perform a ‘broad-brush’ review, 
one that touches upon some major phases of 
design and use since the early sixties when 
these models first burst upon the urban analy- 
sis scene. My purpose, then, is to explore in 
this paper: 


@ Where have we come, in the urban policy 
analysis/modeling ‘life cycle"? What phase 
are we in, both ‘psychosocially’ and tech- 
nically? Where are we going? 


@ How can we assess where we are today? 
How ‘good’ are the analytic models? What 
can we do to better evaluate where we are? 





' Paper presented at the Urban and Regional Planning 
Session, TIMS/ORSA, New York City, USA, 1-3 May, 
1978. 
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TAKING STOCK OF THE 
RECENT PAST 


Part of the research I did for this paper con- 
sisted of reviewing past reviews, including my 
own of more than 10 years ago [20] and at 
least a dozen earlier reviews of urban and 
regional models and _ their application 
[7, 9, 11, 12, 14, 15,18, 19,21]. Then we were 
focusing, and I believe appropriately at the 
time, more on technical issues of ‘How do we 
build these analytical tools?” than ‘How do 
we use them?’, or ‘How do users assess using 
analytical tools vs other (less analytical) 
approaches” Today, however, emphasis is on 
these issues, and quite appropriately so. My 
focus, here, will be on the policy analysis use of 
models, primarily, leaving other more func- 
tionally-oriented models to other reviewers. 

So, to begin: Where has the urban and 
regional modeling field been since its inception, 
regarding analytical inputs to policy analysis, 
policy development, policy assessment etc.? 
What progress in understanding, explanation, 
evaluation has there been? Do we know a little 
or a lot more after 15 years than we did in 
1962-1963? More than anything—given our 
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often overly ambitious aspirations, false starts 
and imprecise objectives: Can representative 
members of the urban/regional modeling pro- 
fession be more helpful to policy makers today 
than we were in the mid-sixties and early 
seventies? 

During this 15-year period, modelers have 
exhibited a certain schizophrenic attitude 
toward policy making and policy makers. 
(Note should be taken of my ‘ethnographic’ 
approach to the subject: I am reporting, en- 
tirely undocumented by specifics, on what I 
have perceived over the years, by and large, 
and generally feel to be the case. To attempt to 
perform this ‘trend analysis’ by more detailed 
analytic classification and quantification would 
be both interesting and, perhaps, even reveal- 
ing: I leave that project to others). 

What I want to do, in this paper, is to briefly 
recapitulate where I believe modeling has been 
in working with ‘policy’ matters. I have chosen 
to include within that purview all matters con- 
cerning ‘the art or science of the conduct of 
public affairs ... leading to a definite course or 
method of action selection from among alter- 
natives and, in the light of given conditions, to 
guide and usually determine present and future 
decisions’ (Webster’s Third New International 
Dictionary)’. Without meaning intentionally, to 
slight the advances of what has come to be 
known as ‘policy sciences’ in recent years 
[5, 13] and risking offending those who do not 
use the word they are defining in their defini- 
tion, I like Ken Kraemer’s introductory discus- 
sion about ‘policy analysis’ [10]: 

A city council awakens to the fact that various past 

municipal policies have tended to discriminate against 

the poor and against blacks and other minorities in the 
community but is at a loss as to how to reverse the 
situation.... Each of these policy makers and groups 
senses that things are not as they should be. They would 
like to make improvements, but they feel that they do 
not really know what the problem is—that what they 

now perceive as a problem may be only a symptom or a 

part of a problem far greater in scope and complexity. 

They do not know how to find out what they do not 

know.... These policy makers have some ideas on poss- 


ible solutions to the problem as they now perceive it, but 
they would like other ideas and insights. 


They usually find it difficult to think of alternative solu- 
tions realistically different from those presently in use, 
yet they feel that better alternatives could be found. But 
finding them is in itself a problem. 





? A subsidiary, but equally useful, definition of ‘policy’ 
for our purpose is: ‘a projected program consisting of 
desired objectives and the means to achieve them’. 

* And computer-assisted information systems generally. 
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Although the policy makers may have some ideas about 
what might be done, they are usually uncertain as to the 
consequences of taking action, especially in view of their 
limited understanding of the problem: At the same time, 
they feel that if they fail to act immediately the problem 
may get worse. 


So ‘policy-making’ is what policy-makers 
do—and, in the public sector, it takes as many 
forms as there are policy makers. 


Phases of growth 


Modeling’s schizophrenic attitude toward 
this pragmatically put state-of-affairs has been 
manifested in the various phases of: groping 
and exuberance abetted by naiveté, in its ear- 
liest years; enthusiasm combined with a 
natural and romantic optimism of the mid- 
later 60’s; an inward-looking and questioning 
retrospection in the early 70’s; and some fron- 
tal attacks, along a number of fronts, in more 
recent years, to improve the effectiveness of 
structured modeling-produced information in 
policy-making. 

The early years. Nothing seemed to escape 
the attention of the early modeling pioneers. 
Whether the functional area was economic de- 
velopment, physical planning, housing choices, 


_the environment, fiscal and budgetary author- 


ity, no matter: the world of models would 
probably have a role, an important role. In the 
years 1963-1967, modelers ranged over a wide 
range of urban and regional policy issues and 
their accompanying information systems. Few 
subnational public sector issues escaped atten- 
tion. The purview included areally diverse, 
wide-ranging multistate regional development 
policy matters (e.g. should we pursue a ‘worst- 
first’ approach to aiding underdeveloped 
regions), through the newly developing metro- 
politan area regional planning agencies, to 
cities with the myriad problems not yet even 
partially resolved 15 years later, to neighbor- 
hood city subareas and the first glimmer that 
these could be deait with analytically through 
analytical models.* 

I would characterize these first years as ‘exu- 
berant’ rather than as ‘cocky’ or ‘self-indul- 
gent’. Modelers were groping for their roles, res- 
ponsibilities and, if you will, the very ‘discip- 
line’ which could unite them in the loosely-knit 
federation of urban analysts. Novelty consisted 
in discovering a new functional policy and/or 
program in which models could play a part. 
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Distinctions which we have come to take for 
granted were first evolved during this period. 


@ Any policy or program issue to be dealt 
with at less than the national level became 
a ‘subnational’ one. 

@ ‘Small-area’ became the information 

domain of whatever geographically 

bounded ‘area was the province a func- 

tional decision-maker (usually, but not 

always, within an urban area). 


@ ‘Policy-making’ became distinguished, 
although unclearly, from ‘programming’ 
and ‘planning’, with increased recognition 
that ‘policy’ had to do with what ought to 
be done (including what programming, 
planning, and budgeting needs to be 
done).* 


@ About the same time, the distinctions 
(originally made by Robert Anthony and 
Peter Drucker) between ‘policy’, ‘plan- 
ning’, ‘management’, and ‘operations’ 
began to surface and became a part of the 
modelers’ lexicon. 


@ ‘Data’ became increasingly differentiated 
from ‘information’, and the differential 
value of ‘data’ (and ‘statistics’) became a 
widely discussed topic. 


@ Correspondingly, information users began 
to surface, distinguishing themselves and 
their problems and needs, from data and 
information providers—and information 
‘middle-men’ (‘middle-people’?) began to 
emerge. 


During these early years, new model-builders 
brought with them a concern for a number of 





* Some like to distinguish between ‘policy’ and each of 
three types of ‘planning’—normative, strategic, and pro- 
gram—which are, in order, aimed at determining what 
ought to be done, how it can be done most effectively, and 
what will be done. ‘Policy’ and ‘normative planning’, which 
identifies preferred solutions to problems (‘what ought to be 
done’) are most often compared, since normative planning 
is directed toward ‘goal setting’; however, there are also 
policy elements in strategic planning, defining how the nor- 
mative goals can be achieved most easily, and ‘program 
planning’, defining the detailed means by which the pro- 
grams (defined in the strategic policy phase) can be imple- 
mented. 
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new functional ‘policy’ areas—criminal justice 
systems, health manpower, regional develop- 
ment, ghetto redevelopment—as well as a var- 
iety of perspectives on the various dimensions 
of ‘policy analysis’. Much light—and occa- 
sional heat—was generated in: clarifying the 
definition of urban and regional policy (i.e. the 
normative vs the programmatic, budgeting, 
and narrowly planning aspects); specifying 
what appeared to be necessary and sufficient 
conditions for the conversion of data into infor- 
mation for policy purposes (e.g. gaining access 
and working relationships with users and un- 
derstanding the model of the world in which 
they work); and enumerating the problems of 
using models in policy-assisting activities (e.g. 
meshing the quantified with the subjective, 
meeting very difficult time schedules, and 
working interactively with the decision-maker). 

Model-building was feeling its oats in these 
early years, but the best was yet to come. 

The Optimistic-Romantic period. With the 
evolution of the Great Society program and 
the rapid increase in the use of hardware and 
software for urban analysis activities, model- 
building applications grew into the 1967-1968 
period, which I characterize as the beginning of 


the ‘optimistic-romantic’ development phase. I 
dislike selecting an end-date for this attractive, 
‘fun’ period, but I suspect it to be around 
1970-1971. There were so many policy matters 
to decide, so many new uses of public powers 
and resources, so many new faces and ideas, 
and so many dollars. Data processing tech- 


nology was coming into its own—at least for 
traditional data processing uses in the key 
urban administrative and management areas- 

finance, tax collection, personnel administra- 
tion, payroll and other similar massive data 
processing related activities. That the charac- 
teristics of many of these successful data pro- 
cessing applications were seldom related to 
policy analysis, ‘decision-making’, or even 
physical and economic planning, was perceived 
by model-builders during these ‘data-euphoric’ 
late sixties. Many modelers had a planning 
and/or policy analysis background and a 
strong desire and an ambiguous technology for 
‘urban systems’ to be of great assistance to 
urban and regional planners and _policy- 
makers. The difficulties of these complex, data- 
transformation-to- information - for - decision- 
making urban roles were not lost upon these 
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early modelers—however, I believed they too 
readily projected what ‘planners’ might do with 
improved information. That planners were 
typically in a very complex environment, often 
unreceptive to what modelers might think of as 
totally ‘rational’, was part of the reason for 
policy-making resistance. 

Not unexpectedly, there was a virtual ava- 
lanche of urban/regional models about the new 
planning, program analysis, budgeting and 
other ‘futuristic’ decision-making and policy- 
related decision-making applications ‘using’ 
urban/regional models. When reviewing this 
era, it is difficult not to wonder at the relative 
unsophistication—almost naiveté, at the ‘world 
view held by many of us. We believed in the 
‘goal articulation alternatives definition-alterna- 
tives evaluation and selection’ view of the pol- 
icy-making information users—whether or not 
they conformed more to the rationalistic model 
or the incrementalist (Lindblom—March-— 
Simons) model of decision-making. The views 
about normative planning of John Dyckman, 
Frederic O’Reilly Hayes, Nathan Grundstein, 
Ira Robinson and Mel Webber (to mention a 
few) helped us connect policy, planning and 
data systems and showed us how ‘information’ 
could and does become power when used by 
public decision-makers. Information-rich ana- 
lytic models were reported to the membership 
in almost all regional and urban functional 
areas (Laidlaw, Rogers, Teitz, Steger et al.). 

Which came first—the euphoric optimism 
about method or the techniques to assist deci- 
sion-making—is an academic question. During 
these years, we saw the birth and puberty of 
PBB, PPBRS, B-C, C-E, metropolitan model- 
building, social and urban indicators, and 
other quantitative and analytic abstractions for 
normative planning. Policy-makers and/or 
close aides—including big city and smaller 
town mayors, Congresspeople, Governors’ 
offices and cabinet heads—reported to model- 
builder audiences on their uses of these 
methods. Many were anticipatory applications, 
in the throes of gestation. Much of the discus- 
sion focused on the impact of these decision- 
aiding systems—most of us presuming they 
would work as well as they were intended to, 
or better. As naive as we were, modelers did, to 
their credit, believe these systems led to 
decision-assisting information and were not 
‘the decisions’, per se. 


Early seventies. A number of events and hap- 
penings took place as the effects of the change 
in administration after 1969-1970 became con- 
crete: 


1. Harder iooks began to be taken at public 
programs—their efficiency, effectiveness, 
purposes. This emphasis—partly from the 
reigning philosophy that the best govern- 
ment was at best moderately sized—might 
have generated a sizable need for evaluative 
tools such as PPB, B-C, C-E, and other 
public policy assessment techniques. In 
turn, significant demand for urban and 
regional models generated subnational data. 
In reality, the assessment techniques were so 
embryonic that they proved not to be very 
useful and often caused more damage than 
good in dozens of overly literal appli- 
cations. Policy analysis had not come of 
age—whether or not the first Nixon years 
really wanted it or not. The same lack of 
convincing utility, moreover, applied to 
other data consumption activities—metro- 
politan and regional planning, social indi- 
cators, community participation, and a host 
of urban development programs. Clearly 
many applications were at least partially 
successful; however, in some cases, there 
was a good deal of ad hoc need for ad- 
ditional data collection efforts to supple- 
ment the standard data bases (e.g. for social 
experiment purposes). 


At the same time, faith and dollars in public 
programming decreased. Partly attributable 
to Vietnam, partly to the plethora of new 
programs which had to be weeded out: the 
result was that analytic/modeling projects 
were often caught in the middle. In promis- 
ing new agencies the resultant decline 
in agency power carried with it, pari passu, 
the passing of many new and promising 
policy-making systems opportunities 
and careers. 


A number of problems offered substantial 
impediments to expanded modeling and 
urban data systems use, for policy-making, 
in this period: confidentiality, security, and 
privacy issues: proprietary data; standardi- 
zation; and system compatibility require- 
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ments. These were not new issues or prob- 
lems, but they attained a head of steam in 
these years—right- and left-wing organiza- 
tions and public interest groups finding a 
common interest in specific anti-analytic 
activities. 


The true, total costs of urban modeling 
became more apparent, during this period, 


than the true benefits. While intensive | 


assessments of the use of such models were 
still in the embryonic stages, only limited 
benefits from the use of models in the policy 
process were showing up. Assessing model- 
ing utility is bound to be a difficult mat- 
ter—and, as is usual in benefit-cost assess- 
ments, we tend to know how to measure 
costs, first. The tendency is a conservative 
one, at best, and serves to act as a damper 
on the enthusiasm for most modern, prob- 
lem solving technologies. Some, such as 
computer hardware, offer such immediate 
cost-reduction opportunities to traditional, 
repetitive functions, that their benefits are 
more obvious. Benefits are considerably 
less obvious in modeling/policy-assisting 
roles. 


A final ‘damper’ in this period was the rela- 
tively severe attack on analytic, policy 
analysis models (Brewer, Lee, Shubik, Wil- 
davsky and others). Since many of the ana- 
lytic aids to policy analysis were tied to 
models generated from requirement 
analyses of decision-making processes, the 
intellectual efforts of model builders 
became directed to response and rationali- 
zation, rather than aggressively moving into 
new and challenging policy-aiding assign- 
ments. 


For these and other reasons, the early to 
middle seventies saw a lowering of expectations 
for urban models in policy-assisting roles, and 
an increased understanding of what role and 
responsibility such models can and could play 
in normative public sector decision-making. 

The Now period. To some extent, we have 
come full-circle since 1963. Model-builders are 
significantly more aware of the difficulties of 
decision-making. We are well aware—as is 





5] thank my colleague William C. Garrison for his 
suggestions, here. 


exemplified by Kraemer’s work [10] as well as 
in numerous ORSA/TIMS, URISA and other 
papers in 1975 through 1977 and in the public 
policy literature generally [2,3,6,8, 10], that 
we are indeed dealing with what Russell L 
Ackoff has called the “messy management— of 
wicked problems—buzzing with myriad confu- 
sions” [1]. 

In fact, it is the knowledge of the complexity 
of the policy analysis process which I feel gives 
the current model-builder renewed faith in his, 
her abilities to assist policy-makers. The rela- 
tive success of a number of recent social experi- 
ments to help in framing human resource and 
housing policies; the increased visibility of in- 
formation systems’ operations at the side of 
several big city (and regional) chief operating 
Officials, in at least a dozen major metropolitan 
areas; the increased sophistication of informa- 
tion system evaluation tools to ‘tease out’ the 
benefits of models in policy-making; renewed 
use of PPB (and its modified zero-based-bud- 
geting form) and social indicators in several 
urban areas; the presence of lowered but more 
realistic expectations; increased understanding 
and communication about system approaches 
of past and present big city mayors; incremen- 
tal solutions to the problems of confidentiality, 
security and privacy; increased attention to 
user feedback in policy analysis; greater focus 
on transferability, at the policy level, of analy- 
tic methods and accompanying data bases; in- 
creased attention to making outputs of analytic 
models useful to policy-makers; and generally 
more sensitivity and accommodation to policy 
analysts’ special needs (e.g., for speedy and 
well-represented information): these are some 
of the reasons for resurgence of interest in 
policy-assisting models. 


WHERE TO NOW? 


I believe the 360° movement since 1963 has 
been a useful, fruitful and adventurous intellec- 
tual voyage. I am delighted to have been a part 
of it, to have experienced it with many 
members of the modeling profession, and to 
share with my colleagues the renewed faith. 
Less romantic and optimistic, perhaps, but 
realistically :° 


1. We have learned to disabuse ourselves of 
the notion that it is simple to make analytic 
system inputs to policies. 
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2. We have learned a good deal about ‘what it 
takes’ to make inputs to policies—increased 
understanding of decision-making, early in- 
formation system development, and user 
feedback being some of these lessons. 


3. There are large time constraints that have 
to be accepted, patiently, by model-building 
policy-assisting providers. We have taken 
fifteen years to get this far, I think we can 
take several years to better understand 
from where we have come and to where we 
are going. 


Most importantly, perhaps, is that we need 
to increase our emphasis on learning more 
about which models, in what contexts, do well, 
and which don’t and why. My colleagues and I, 
for example, have been retained by regional 
planning agencies to review their batteries of 
models, for future applications and problems 
facing their urbanized areas [4]. 

Our objective cannot be so grandiose as to 
determine which analytic techniques are most 
contributive of effective planning because—as 
correctly pointed out by Peter House (Letters 
to the Editor, JAIP, January, 1974}—model- 
building’s inadequacies should not be held re- 
sponsible for what ‘planning’ can and cannot 
do and is and is not doing. The use of model- 
ing techniques arises, more or less, as a ‘der- 
ived demand’ from what planners (think they) 
want to do and hope to achieve. Therefore, the 
onus for those who seek to develop perform- 
ance measures for modeling approaches lies in 
working with the derived demand—not the 
ultimate solution to planning issues, per se. As 
such, modeling-yielded information—viewed in 
the broadest sense as any resource which plan- 
ners find useful in achieving their objectives, 
including ‘educational’ purposes—must be seen 
in perspective along with other similar 
resources. Modeling-produced information, in- 
cluding levels of understanding produced in de- 
veloping a modeling approach, needs to be 
assessed, in cost/effectiveness terms where poss- 





® Development of such criteria merit research: William 
Alonso’s “Choosing and Building Models for Prediction”, 
the Bureau of Public Road’s Systematic Sensitivity Analysis 
of the Urban Travel Forecasting Process, and JW Tukey's 
“Propagation of Errors, Fluctuations and Tolerances” are 
all good beginnings in the search for measures of informa- 
tional benefit, but a good deal of further investigation and 
application is needed along like lines. 
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ible, along with other methods for producing 
similar information. Nothing is absolute, here: 
the quality, credibility and ‘validity’ of all such 
information needs to be assessed, relative to 
each of the methods capable of producing such 
information. The planner, as both the broker of 
such information as well as its direct recipient, 
is in the best position to assess what different 
‘levels’ and ‘degrees’ of quality, credibility and 
validity will mean to his various clients. In the 
production of his planning products and the 
improvement of his planning process, each 
planner responsible for making such choices 
must deal not with modeler rhetoric, or those 
who review past efforts, but rather with his 
needs, his clients, and alternative methods 
available to him. 

I cannot spell out the performance measures, 
here; a more comprehensive effort, perhaps in- 
vclving an evaluative process [16] needs to be 
set in motion. I believe Gary Brewer, Douglas 
Lee and others have made their greatest contri- 
bution in awakening the planning and analysis 
professions to the need for evaluation, for self- 
assessment, for feedback to ongoing efforts. 
Personally, I feel that most performance 
measures to date have been ‘input’ oriented— 
and, perhaps, that is all that can be accom- 
plished, now. But no one can be fully satisfied 
with ‘unreasonable rigor’ (one of Lee’s sug- 
gested criteria) because, again, this is a ‘moth- 
erhood’ objective, unless it is compared with 
the use of such information—the errors of 
commission and omission that would arise 
with and without it, and the societal and pri- 
vate costs (and the probabilities associated 
with such costs) attached to these various types 
of errors.° 

Perhaps the most useful insights the recent 
assessments have produced are those related to 
the dynamics of acceptance. The entire socio- 
logy of technological innovation and diffusion 
could well be applied to this problem—includ- 
ing the initial total rejection of ‘foreign’ models, 
to partial rejection, and then—in some cases— 
acceptance. Quite obviously, fairly lengthy time 
periods may be involved in assessing how a 
particular use or user is affected by a specific 
technique. Or how a particular technique ini- 
tiated in one place, for one purpose, is used in 
other places, for similar or even different pur- 
poses. The current emphasis on transferability 
of methodology, in specific Federally spon- 
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sored analytic projects, can both learn from the 
earlier efforts, and can help increase the effec- 
tiveness and efficiency of current efforts. The 
Brewer, Lee et al. observations on the differen- 
tial attitudes and motivations of the users, 
developers, politicians, and the general public, 
provide helpful insights into the breadth of per- 
spective needed to produce an effective metho- 
dology. But they also point up the substantial 
length of time needed to make judgements 
about the acceptability and diffusion of a tech- 
nique: a city may be better off because it has 
been through an unsuccessful attempt to apply 
a model—perhaps it will be more or less will- 
ing to accept the next innovation; or the un- 
successful application in City 1 may point to 
how City 2 should successfully apply the 
method, etc. Future evaluations need to con- 
sider the sociology of the acceptance process. 

Personally, I would like to see considerable 
attention paid to positive approaches to 
model-building evaluation, assessment, and 
feedback. Some possible ideas include the de- 
velopment and use of: 


@ Peer Review Groups, 


@ User Group Reviews, 


@ Central repositories for application’s data 
e.g. methods, costs etc. 


I look forward, perhaps in 1989, to take 
‘more stock of the past—and be able to com- 
ment most positively on the favorable trends I 
feel we have begun to experience in the latter 
half of this decade. 
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This paper is intended to show that the lognormal distribution can be used to approximate the 
lead time demand in inventory control problems. The computations involved with this approximation 
are shown to be simpler compared to the gamma distribution approximation. Some pertinent 
properties of the lognormal distribution are summarized. Numerical examples are given in two 
cases of distributed demands and lead times and in each case the lognormal approximation results 
are compared with the exact and/or other approximations. 


INTRODUCTION 


Two OF THE central problems in inventory 
control are (i) to determine the protection level 
(the probability of not having a stock out) for a 
given reorder level (see, for example, [4, 6]) or 
(ii) to determine the reorder level so as to have 
a given protection of not having a stock out 
(see [14]). These quantities will depend upon 
the distribution of the lead time demand, f(x), 
given by 


f(x) = | f(x|L) g(L) dL (1) 
0 


where g(L) is the distribution of the lead time 
(assuming 0 < L < oo) and f(x|L) is the distri- 
bution of the demand for any given L. 
Although a variety of distributions can be 
used to represent the lead times (g(L)) and the 
demands (f(x|L)), rarely does there exist a 
combination of these distributions that would 
yield a familiar distribution for the lead time 
demand f(x). Hadley and Whitin [9] showed 
that f(x) is a negative binomial if g(L) is 
gamma and f(x|L) is Poisson. Often the nor- 
mal and the gamma distributions are used to 
represent the demands and/or the lead times 
(see [4, 14]). However, in these cases the result- 
ing distributions of the lead time demand are 
too complex, [4] and some approximations to 
these distributions are sought. The gamma dis- 
tribution (see [5]) and the Weibull distribution 
(see [18]) have been advocated as approxima- 
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tions to the lead time demand. Although more 
general and versatile families of distributions 
such as Pearson system [16], Johnson system 
[11], Burr distribution [7] and the generalized 
lambda distributions [8] can be used as models 
to represent the lead time demands, their use 
may be limited because of the complexity ir 
parameter estimation and/or further compu- 
tations of the protection and reorder levels and 
other quantities. 

In this paper we advocate that a two- 
parameter lognormal distribution can be used 
as an approximation to the lead time demand 
and the approximation is shown to be accurate 
for two cases. Since the percentiles and cumu- 
lative distribution function values of the log- 
normal distribution can easily be calculated 
from the corresponding standard normal 
values (which are extensively tabulated and are 
reproduced in almost all statistics books), the 
re-order levels and the protection levils can 
easily be obtained. Also the parameters of the 
lognormal distribution can easily be obtained 
without the use of tables or numerical pro- 
cedures using the method of moments or the 
maximum likelihood methods. 


PROPERTIES OF THE LOGNORMAL 
DISTRIBUTION 


The probability density function (pdf) of the 
lognormal distribution can be given in many 
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Fic. 1. The densities of the lognormal distribution for 
selected values of 4 and 6? 


different ways. We define that the variate X 
has the lognormal distribution if the variate 
Y =InX has the normal distribution with 
mean / and variance @?. Also note that the 
variate Z = (Y — A)/@ has the standard normal 
distribution given by h(z) = exp(—z*/2)/,/2z. 
(1) The pdf of the lognormal variate is given by 
f(x) = exp{—(Inx — A)?/207}/(0x,/2n), 
x >O)8 >; — oc. <i 4:< 00,- (2) 
@ is called the shape parameter and, / is 
the scale parameter. 
(2) The k"* moment of lognormal variate, X, is 
given as 
E(X*) = exp{kA + k?0?/2}. (3) 


In particular the mean p and variance o7 
are 
w= exp{d + 67/2} (4) 
and 
o? = exp(2d + 07) {exp (07) — 1} (5) 
(3) The lognormal distribution is positively 
skewed (the skewness depends only on @) 
and as @—0, (2)— normal distribution. 
(4) The lognormal distribution is unimodal 
with mode 


x = exp(A — 67). 


(5) For X in (2), » > median > mode and the 
ratios y/o and p/mode are functions of only 
the shape parameter 0, 

n/a = {exp (6)? — 1}>'? (6) 
and 


u/mode = exp {3607/2}. (7) 


The densities of (2) for selected values of 6? 
and / are shown in Fig. 1. 


FITTING THE LOGNORMAL 
DISTRIBUTION TO THE LEAD 
TIME DEMAND 


The estimation of the parameters A and 0 
presents very few difficulties. A detailed 
account of various estimation methods can be 
found in [2, 3, 12]. Briefly: 


(1) Let the mean and variance of the lead time 
distribution be L,; and L, and those of the 
demand distribution per unit lead time be 
S, and S,. It is known that the mean and 
variance of the lead time demand distribu- 
tion D,, D, are 


D, = L, S; (8) 
and 
D, = L, 8, + L, 8? 


The parameters A and 6 of the lognormal 
distribution (2) can easily be determined, to 
give the mean D, and variance D,, as follows: 


(a) From (6), solving for 0, we obtain 
= {In(1 + D,/D?)}"/?. (9) 


(b) Having obtained the value of 6, the value of 
A can be estimated from (4); 


d= InD, — 02/2. (10) 
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(2) If the actual lead time demand data, say x,, 
Bb siaviv eck x,, 1S available the maximum 
likelihood estimators of 4 and @ can be 
easily obtained. 

If z; = log x;, then 


and 


(11) 


Note that these quantities are simply the 
mean and variance of the logarithms of the 
observed data. 


(3) If only estimates of the mean demand (D,) 
and the most likely demand (mode, M) dur- 
ing the lead time can be made, the values 
of A and @ can be estimated as follows: 

(a) from (7) we obtain 


6? = (2/3)In(D,/M) (12) 


(b) After 6 is estimated the value A can be 
obtained using (10). Note that no tables or 
numerical procedures are required for esti- 
mating the parameters of the lognormal 
distribution by any of these methods. 


PROBABILITY OF STOCK OUT 


In the following sections we take the distri- 
bution of the lead time demand to be the log- 
normal distribution given by (2). Under a 
classical reorder level inventory system, the 
protection, (probability of not being stock 
out) Pp,with a reorder level R, is 


(13) 


R 
Py = { f(x) dx = F(R) 


where F(.) is the cdf relating to the pdf f(.). 
With the help of the standard normal tables, 
F(R) for (2) can easily be obtained. Let 
z = (InR — A)/0. The required probability (pro- 
tection) is simply the cdf value of the standard 
normal corresponding to z. Thus with the log- 
normal approximation no numerical pro- 
cedures are required to obtain the protection 
level. In fact the standard normal table look 
up operation can be also avoided if a simple 
and reasonably accurate approximation (see 
[10, 15, 17]) is used for the normal distribution. 
Also most modern scientific calculators do 
have the capability of calculating the cdf and 


555 


the inverse of the cdf of the standard normal 
distribution. 

Example 1: Gamma distributed lead time and 
normal distributed demand (see [4]) Consider 
the case S, = 5, S,; = 1, L; = 4 and L, = 1 
so that, from (8), D,; = 20 and D, = 29. The 
parameters of the lognormal distribution @ and 
A can be obtained from (9) and (10), respect- 
ively; 6 = {In(1 + 29/400)}'/? = 0.26456 and 
A = In 20 — 0.264567/2 = 2.96073. The protec- 
tion level Pz for a reorder level of R = 16.1555 
(= 3,/D2) can be obtained as follows: Let 

12 = [InR — 4]/0 = —0.67459. From the stan- 
dard normal tables (see [1]) the probability 
(cdf) corresponding to z = —0.68 is given by 
1 — 0.75174 = 0.24826. For this example the 
exact value of Pg = 0.24917, Burgin’s approxi- 
mation value is 0.25010, and Tadikamalla’s 
Weibull approximation value is 0.23905 (See 
[18]). 


DETERMINATION OF REORDER 
LEVEL R 

As in the case of Moonen [14], suppose we 
are interested in determining the reorder level 
R for a given protection level Pp = p. We want 
to find R for a given p in the following equa- 
tion: A 

p= [ f(x) dx = F(R). 


Therefore 
R = F~'(p). (14) 
The value of R in (14) can easily be obtained 
in the case of the lognormal approximation. 
Let.z, be the standard normal !00pth percen- 
tile. Then 
R = exp(d + z,4). (15) 
Again no numerical or iterative procedures are 
required to obtain the reorder level R. 
Example 2: Normal distributed lead time and 
‘gamma distributed demand. For easy compari- 
son, let us consider the same example given 
in [18]: 
L, = 10, L, = 4, S; = 6 and S, = 3.6. Then 
D, = 60 and D, = 180. Again from (9) and 
(10) the values of @ and A, respectively, can 
be obtained as # = 0.22088 and A = 4.06995. 
We want to obtain the reorder level R, say, for 
a protection level of 90% ie. Pp =p=0.9. 
The standard normal percentile corresponding 
to p= 0.9 is z, = 1.28155. Then from (15), 
the reorder level R = exp {4.06995 + 1.28155 
x 0.22088} = 77.712. 
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TABLE 1. COMPARISON OF COMPUTATIONAL COMPLEXITY FOR THE GAMMA, WEIBULL AND LOGNORMAL DISTRIBUTIONS 





Requirements 





Parameter estimation 


Distribution Moments MLE 


Protection level 


Inventory calculations 


Reorder level Potential lost sales 





Gamma None 
Weibull ‘ts 
Lognormal None 


T and/or NP 
T and/or NP 
None 


T and/or NP 
None 
None* 


T and/or NP 
None 
None* 


T and/or NP 
T and/or NP 
None* 





T = Special tables, NP—Numerical procedures. 
* Requires standard normal tables. 


According to Moonen this value is 77.4, and 


Tadikamalla’s Weibull approximation value is 


76.87. Once again no tables or numerical pro- 
cedures are required for obtaining the reorder 
level. 


SUMMARY AND COMMENTS 
It has been shown that the lognormal distri- 
bution can very well be used to approximate 
the lead time demand in certain cases of distri- 
buted demand and lead times. The reasons for 
the potential success of the lognormal distribu- 
tions in these inventory control problems are: 


(i) The lognormal distribution can represent 
a wide variety of skewed frequency curves. 
(ii) The cdf and the percentiles (inverse of tne 
cdf) of the iognormal distribution can 
easily be obtained from the standard nor- 
mal tables, thus making the calculation of 
protection levels and reorder levels easier. 
(iii) No tables or numerical procedures are 
required for estimating the parameters. 


It is interesting to note that all the three dis- 
tributions, the gamma, the Weibull and the 
lognormal ‘look’ very much alike when their 
corresponding means and variances are equal 
(see [13]). All these three distributions seem 


to provide accurate enough approximations to 


the lead time demand in the particular cases 


considered. The computational complexity (or 
simplicity) involved in using these distributions 
for these applications varies considerably rang- 
ing from no tables, to table look up, to numeri- 
cal procedures. (see the Table 1). 
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The article explores the dynamic nature of line balancing. Models are developed to help manage- 
ment with the problem of manning a line to produce a specified output. The models quantify the 
fluctuations in both excess inventories and the number of operators required. 


INTRODUCTION 
MOST LITERATURE and theory on line 
balancing is concerned with the initial assign- 
ment of work elements to stations. A great deal 
of research effort has been directed towards 
balancing the line before it is constructed 
[1, 6-8]. However, the static balancing prob- 
lem is rarely solved in such a way that the line 
operates at maximum efficiency. Technological 
restrictions, and these may include the nature 
of the work and the type of equipment required 
for the operations, mean that it is often imposs- 
ible to assign work to stations so that the 
desired output is achieved with 100° line effi- 
ciency. Fluctuations in standard rates and 
equipment failure will also contribute to the 
imbalance. This will manifest itself as idle oper- 
ators and shortage or excess of work in pro- 
gress inventory and finished goods. Idle opera- 
tors will probably attempt to appear busy by 
adjusting their output rate to that of the pre- 
vious station. The excess inventory cannot be 


allowed to go on growing or be ignored so the 
line must be adjusted, operators moved to 


bring it under control. The nature of a produc- 
tion system is in fact dynamic and the balanc- 
ing problem still exists even if an optimum 
solution to the problem has been obtained in 
its static state. 

The dynamic balancing problem does not 
appear to have attracted as much interest as 
the static problem. Davis [2,5] looked at the 
problem of reducing excess work in progress 
inventories to a desired level. He deals with a 
situation where the inventories have gone out 


of control and reduces them to a desired (man- 
agement decision) level by assigning fewer 
operators and fractions of an operator. Later 
[3], he proposed a heuristic procedure for 
determining this level. In all this work mobility 
of operators is assumed at any time during a 
shift. However, some lines will not have the 
degree of operator mobility required to apply 
this theory. Full mobility requires equal levels 
of training for all tasks quite apart from willing 
cooperation of operators. It is common prac- 
tice to assign line operators at the beginning of 
a work period and then to run it under con- 
stant manning. Davis and Simmon [4] con- 
sidered the work period constant manning, and 
a shift by shift line manning schedule is com- 
puted. However, in some situations it would be 
very difficult to adhere to the schedule, es- 
pecially when there is variability in operator 
standard rates. This variability is partly re- 
sponsible for the imbalance and consequently 
the excess work in progress inventories, and 


also for the size of variations in operators 


required, 

The hypothesis of this paper is that the 
dynamic balancing problem has to be divided 
into two parts. First, determination of the aver- 
age in-process inventories and variations in the 
number of operators required to run the line at 
a given output. Second, the shift by shift alloca- 
tion of operators, which is predominantly 
determined by the operators available and the 
in-process inventory levels at the start of the 
shift. The model developed in this paper is an 
attempt to solve the first problem. The exten- 
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sion of this model to help with second problem 
is discussed in the conclusion. 


NOTATION AND ASSUMPTIONS 


is the probability that the output from 
any station will be sufficient to keep the 
direct successor station working. In the 
case of the final station it is the protec- 
tion level against finished goods stock- 
outs. 

is the operator output rate at station i in 
units per unit time (i = 1, 2,... mm). 

is the coefficient of variation of the oper- 
ator output rate at station i. It is 
assumed that the operator output rate 
has a normal distribution with mean r; 
and variance p?r?. 

is the time, work session, during which 
the line will run unadjusted (constant 
manning). 

is the excess work in progress at station 
i, i.e. waiting to be processed by station i. 
is the number of operators assigned to 
station i. 

is the excess finished goods stock. 

is the constant output rate (demand rate) 
from final stock. 

is the inverse cumulative density func- 
tion of the unit normal distribution 
evaluated at «. 


MODEL AND OBJECTIVES 


The long-term objective in assigning opera- 
tors to the final station m is to meet demand at 
the specified protection level « For any work 
period T we would like: 


Tigh = TR — E + S(0)~pms/ Tip (1) 


For intermediate stations the aim is to keep 
the direct successor station working during the 
period with the given probability «. So ideally 
in any period we should have: 


Tyr, + Xi+, — Tris ilisi 





= Sa) / T(nyr? p? + Mig ilis1Piet - (2) 


The above equations will give an assignment 
for the existing excess inventory figures. How- 
ever, the number of operators assigned, n;, will 
need to be rounded to the next highest integer. 
The expected excess work in progress inven- 
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tories at the end of the period X} will be: 


xX? = Tn,-1hi-1 + X; as Tnyr;. 


The expected excess finished goods inventory 
E* will be: 
E* = Tnalrm + E— TR 
The new excess inventory figures can be used 
to assign operators in the next and subsequent 
work periods. Repeated application will show 
the variations in operators required to run the 


line, and also the average work in progress in- 
ventories generated. 


EXCESS INVENTORIES 


The excess inventories generated can be 
divided into two components. The first what 
may be called the base inventory, is generated 
by the difference in station rates. If we assume 
no variability in station rates and perfect infor- 
mation on excess inventories, the base inven- 
tories can be determined as follows. If we try to 
maintain an inventory close to zero, and in 
each work period we can only increase it by an 
amount a units or reduce it by b units, then the 
average inventory will be (a + b)/2 provided a 
is not divisible by b or b divisible by a. It will 
be a/2 if b divides a’, or b/2 if a divides b. At 
each station we can control work in progress 
inventories through an additional operator, in- 
crease or reduce the output by T7r;. If w is the 
additional output required to keep the next 
station working, then excess work in progress 
ahead of station i can be increased by Tr; — w 
or reduced by w. Hence the average work in 
progress inventory will be Tr;/2. If the operator 
rate of the successor station r;,, is divisible by 
the station rate, r; no work in progress should 
be necessary. However, this is an ideal situ- 
ation easily upset by a slight disturbance. The 
total base in inventory will be: 


m+1 


> Tr;/2 


i=2 


Tm+1 = R, 


If r;_, divides r;, we exclude the term from the 
summation. 

The other component of the excess inven- 
tories will be generated by variations in opera- 
tor rates and the specified protection level «. 
The mean number of operators assigned at any 
station will be R/r;. The difference between the 
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output of station i and the input to station 
i+ 1 will have a normal distribution with 
mean zero and variance equal to the expression 
under the square root sign in (2). The specified 
protection level « implies buffer inventories 
equal to: 





S(a) JTR(rp? + Vis Pees) 
=1 


rer} =R 
Pm+1 = 0. 


The above shows that excess inventories can 
be reduced by making the work period small, 
remembering that this is the time frame during 
which we want the line to run unadjusted. An 
obvious conclusion, since frequent adjustments, 
reallocation of operators, gives better control 
over excess inventories. However, operators 
may not tolerate or be adequately trained for 
frequent station changes. 


OPERATORS REQUIRED 


If the standard rates are assumed to be con- 
stant, the variation in operators required at the 
various stations is due to the difference 
between station rates and the output rate R. 
The maximum and minimum _ operators 
required may be computed as follows: 


Ny = Nya Visa Vi 


(3) 
Ny = R/r;. 


If the divisions are rounded to the next lowest 
integer, we get the minimum; rounding to the 
next highest integer will give the maximum. If 
r; divides r;,;, rounding is not necessary. 
When variability in rates is introduced, the 
theoretical maximum is infinite. However, in 
this situation it is more constructive to look for 
the « confidence limits on the maximum 


TABLE 1. EXAMPLE PROBLEM | 





Mean standard Standard time 
Number time units variance 


Station (i) 





Assemble 
Bond 
Test 
Pack 





The average output from finished stock is constant at 50 
units per hour, and the work period is 8 hours. It is also 
assumed that the line is in a start-up position, i.e. no excess 
finished goods or work in process inventories. The protec- 
tion level against stock-outs x is 99%. 


_ number of operators required. If an « protec- 


tion level is used against finished goods stock- 
outs, the upper a limit on the operators 
required at the final station can be computed 
using equation (1) with E = 0. Equation (3) can 
be used for the other stations since the system 
is already protected against finished goods 
stock-outs and an average work in progress in- 
ventory can be assumed to exist between inter- 
mediate station. 

These operator variations do not necessarily 
imply idle operators. Almost all production 
lines produce some substandard output which 
requires rework and dismantling. A supply of 
this work can be made available at each 
station, so that operators can be withdrawn 
from the line when necessary and asked to 
work on it. 


EXAMPLE PROBLEMS 


The first example, see Table 1, is a four- 
element single-stage line. This type of line is 
heavily constrained by technological factors 
and there are large differences in station rates. 
The inventories and operators required for the 
specified output are shown in Tables 2 and 3. 


TABLE 2. AVERAGE WORK IN PROGRESS AND FINISHED GOODS INVENTORIES 





Base imblance 
results for 
Station no. 300 work 


i periods 


Base 
imbalance 


Theoretical results 
Variation 


Results of 
a 1000 work 
periods 
simulation 


Results 
1000 work 
periods 


in rates Total 





20.30 
3 34.40 
4 42.60 
Finished 
goods 
Total 


20.40 
32.80 
42.80 


25.40 
122.70 


25.20 
121.20 


33.98 
40.52 
38.43 


54.38 
73.32 
81.23 


53.20 
72.70 
79.30 


54.40 
71.90 
78.30 


23.39 
136.32 


48.59 
257.52 


47.50 
252.70 


48.20 
252.80 





R = 500, T= 8, P; = 0.2 for all i, x = 0.99. 


om. 76 +t 
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Quantitative Models for Optimal Rest Period 
Scheduling: a Note 


INTRODUCTION 


IN A RECENT paper, Gentzler, Khalil and Sivazlian [2] 
developed optimal policies for rest period scheduling 
for two deterministic models intended to be representa- 
tive of decrements in work output as a result of fatigue 
and other factors. The two models were: 


(i) x(t) = b — at 
(ii) ot) =e" 


where 
i(t) = the instantaneous rate of work or the work 
rate function which starts at t = 0 for each 
work period, 
= the decay rate for either model, and 
the maximum performance rate for the linear 
model. 


Optimal policies were developed for an infinite time 
horizon under the assumption that some constant rest 
period of sufficient magnitude would permit a return to 
the maximum output rate. Under these conditions, 
optimal policies consist of alternating periods of work 
(with constant length x*) and rest (with constant 
duration @)). 

Gentzler et al. [2] examined the x* policy via simula- 
tion for one parameter set for each of the two models 
with a finite horizon which did not correspond to an 
integer number of cycles for x*, in part, to “...serve as 
a sensitivity analysis of the effects of different policies 
on work output...” [2,p.218]. The infinite horizon 
policy of x* was compared in the simulation with that 
of from zero to five evenly spaced rest periods. Evenly 
spaced meant that all work periods were of equal 
length with a complete work period at both the begin- 
ning and the end of the time horizon. The results of the 
simulation indicated that: 


the x* policy was at least as good as any other, even 
though there was not an integer number of cycles. 
However, the policies for two and three evenly 
spaced rests resulted in total work output as large as 
the x* policy. This indicates some insensitivity of the 
work output for rest policies for these cases. 
[2, p. 219] 


The sensitivity of work output to various rest policies 
could have been investigated analytically since the two 
models were deterministic. In addition, more .general 
conclusions concerning sensitivity could have been 
drawn if more than one specific parameter set for each 
of the two models had been investigated. 





' This is true as long as T does not correspond to an 
integer number of rest periods which permits a com- 
plete work period of length x* at both the beginning 
and end of the time horizon. In this case, the optimal 
infinite horizon policy and the optimal finite policy are 
identical and hence, produce the same work output 
over the finite time horizon. 

2 [x] denotes the integer portion of x. 


This paper reports the results of an analytical policy 
comparison and suggests a simple procedure, in lieu of 
dynamic programming, for the determination of opti- 
mal finite horizon policies. 


ANALYTICAL SENSITIVITY ANALYSIS 


An analytical policy comparison was conducted for 
both models using all possible combinations of the fol- 
lowing parameter values: 


a = 1/10, 1/20, 1/30,..., 1/400 

0 = 1, 4, 7, 10, 13, 16, 19, 22 (min) 
b=10 

T = 240.0 (min) 


where T is the length of the finite time horizon. Hence, 
each of the two models was investigated using 320 dif- 
ferent parameter sets. The results confirmed that, in the 
neighborhood of the optimal policy, the work output of 
both models was rather insensitive with respect to the 
number of rest breaks. However, a rest break policy 
which is not in the neighborhood of the optimal policy 
may substantially limit work output. For example, the 
optimal work output of the exponential model (with the 
parameter set a = 0.10, 0 = 7 min and T = 240 min) is 
359%, higher than the work output with one rest break. 
In general, for either model, this type of result becomes 
more severe as the decay rate increases and as @ de- 
creases. 

As would be expected, the analytical analysis also 
confirmed that the optimal policy for a finite time hori- 
zon always produced higher’ total work output than 
x*. While simulation could be used to investigate the 
stochastic conditions which would make the difference 
between x* and the optimal finite policy virtually inde- 
tectable, Getzler et al. [2] did not report the stochastic 
process used to derive their conclusions. Their results 
were not unexpected however, given that x* was gener- 
ally in the neighborhood of the optimal policy for the 
320 test problems for both models. 


A SEARCH PROCEDURE FOR OPTIMAL 
FINITE HORIZON POLICIES 


Gentzler et al. [2] indicated that the optimal policy 
with a finite time horizon has the property of evenly 
spaced rest periods, as previously defined, and sug- 
gested that dynamic programming [1] could be used to 
determine optimal policies. However, the fact that x* 
was generally in the neighborhood of the optimal 
policy for a finite time horizon suggested the following 
alternative approach to optimal policy determination: 

(i) Compute x* using the appropriate formula devel- 
oped by Gentzler er al. [2] 

(ii) Compute an initial estimate of the optimal number 
of rest breaks (Kk) such that? 
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TABLE 1. SEARCH RESULTS FOR THE LINEAR MODEL 


j 





Condition 


Percent of 320 problems 


Cumulative percentage 





46.6 
53.4 


46.6 
100.0 





TABLE 2. SEARCH RESULTS FOR THE EXPONENTIAL MODEL 





Condition 


Percent of 320 problems 


Cumulative percentage 
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29.7 
96.3 
99.4 
100.0 





(iii) Defining kp as the optimal number of rest periods 
for the finite horizon problem, compute total work 
output (TW) at k = kk + 1, k + 2,..., ko, ko + 1 
using one of the following formulas 


TW, = (k + 1) (bt — at?/2) 
TW, =(k + 1)(1 —e “Va 


where: 

TW, = total work output during the time horizon 
with k evenly spaced rest periods for the 
linear model, 

TW, = total work output during the time horizon 
with k evenly spaced rest periods for the 
exponential model, 

and t = (T — kO)/(k + 1) =the length of the work 
period. 


Given the assumptions of the two models, although 
some integer number of rest periods will be optimal, the 
total work output ‘curve’ with different evenly spaced 
rest periods is unimodal. Thus, ko is identified by the 
fact that TW(ky) > TW(ko + 1). Theorem 1 establishes 
that there is no requirement to search the TW ‘curve’ 
for k < k. 

Theorem 1. The optimal number of rest periods for 
the finite horizon problem is always greater than or 
equal to k. z 

Proof. Define T,, = (k + 1)x* + ké where x* is the 
optimal length of the work periods in the infinite hori- 
zon problem. If T = T,, were true, then the finite time 
horizon would permit exactly k rest periods with com- 
plete work periods of length x* at the beginning and 
end of the time horizon and kp = k. Since T > T,, is 


always true, and because ko is an increasing function of 
T, then ky > k must also be true. 


COMPUTATIONAL RESULTS 


The results of using this computational procedure on 
the 320 previously described test problems are summar- 
ized in Table 1 and 2. The results indicated that 100.0% 
and 96.3%, of all test problems required either two or 
three TW computations for the linear and exponential 
models respectively. The maximum number of TW cal- 
culations required by the search process for any of the 
test problems was four. Thus, given the fairly broad set 
of parameters investigated, it appears that dynamic 
programming would not be likely to provide enough 
computational savings to justify the additional com- 
plexity. 
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Capital Rationing Decision with Internal 
and External Funds 


INTRODUCTION 


LORIE AND Savage [1] were the first to use a mathe- 
matical approach in obtaining an optimum solution to 
a capital rationing problem. Later, Weingartner [4] 
proposed to formulate the problem into a mixed integer 
linear program under conditions of certainty. Subse- 
quently, numerous researchers have debated on the un- 
derlying concepts of Weingartner’s model and sug- 
gested alternative formulations under both certainty 
and uncertainty. The central issues of these debates are 
(1) the meaning and determination of a discount rate 
used in computing present values, and (2) whether the 
discount rate properly measures the firm’s opportunity 
cost of capital (see, for example, Weingartner [6] for a 
summary of this work and of the researchers). 

Earlier, Lutz [2, p. 25] distinguished two investment 
horizons; one is the ‘fund horizon’ used for available 
funds, and the other the ‘internal investment horizon’ 
used for internal projects. Weingartner’s early model 
[4, p. 162] considered the availability of external funds 
to supplement internal funds in financing capital pro- 
jects. However, most existing capital rationing studies 
assume a single planning horizon for alternative pro- 
jects and available funds, and the availability of funds 
only from internal sources. In reality, projects requiring 
capital facilities may have different planning horizons 
and be financed with externa! funds. 

In this study, we formulate the problem of rationing 
funds from internal and external sources to indepen- 
dent internal projects, assuming different planning hori- 
zons for the funds and projects. To resolve the difficulty 
of comparing projects with different lives, we adopt the 
approach suggested by Preinreich [3] in which a single 
project is represented by a permanent chain of cyclic 
investments in the project. An optimum solution maxi- 
mizing the sum of the present values of net revenues 
from selected projects is obtained by formulating the 
problem into a mixed integer-linear program. The 
mathematical model thus formulated is applied to nu- 
merical examples. 


FORMULATION 


We analyze the problem of allocating available inter- 
nal and external funds to independent internal capital 
projects from two sides, the funding side and the oppor- 
tunity side. 

On the funding side, an ‘arrangement’ represeiits a 
unique combination of a rate of interest, a maximum 
lending amount, and a maximum lending period. There 
are m arrangements of external funds, numbered 1 
through m, and one arrangement of internal funds, 
numbered m+ 1. Let R; M;, and L; represent the 
annual rate of interest, maximum lending amount, and 
maximum lending period for arrangement i 

m), respectively. For arrangement m + 1, Q, 
instead of R,,4;, represents the expected rate of return 
on internal funds; M,,,, is the sum of available internal 
funds; and L,,,, is not used. 


OME. 7/6—G 


On the opportunity side, there are n independent in- 
ternal projects numbered | n. We let V;,, W;, and H, 
represent the expected net revenue in the fth year, ini- 
tial capital requirement, and investment period for pro- 
ject j (j = 1,...,n), respectively. 

As to the method of paying back borrowed external 
funds, we assume that the principle is paid back at the 
end of the project’s life while the interest is paid at the 
end of each year. The annuity of a single unit of funds 
from arrangement i invested in one cycle of project j is 
given by the following a;;: 


(1 + Oy, iB. , (i + QY + ovr 
i= },....m+ 1 
j= 


2 C+ aM i, ran | 


which may be reduced to: 


aij - Q ~ Rj. 
Similarly, we obtain the annuity of the net revehue 
from a single cycle of project j as follows: 


_ + gy" ot. We 


(1+ QA (1 + QF 


We now introduce decision variables X;; and Y, 
representing the amount of funds from arrangement i 
invested in project j, whether or not project j is selected 
for investment respectively. Thus, the objective of the 
problem is to find the values of X,, and Y, that 
maximize the sum of the present values of annuities 
aj; in (1) and b, in (2) for an infinite period: 

max. C = > 5 fu X oo Yy, 3 
maha" Ae 4 “ 
subject to 


If all projects are independent, the relationship (5) 
provides a sufficient condition. If some of the projects 
are mutually exclusive or dependent on other projects, 
additional conditions are required along the lines sug- 
gested by Weingartner [5, p. 498]. 

Next, we formulate the constraints on the relation- 
ships between variables. First, the initial capital invest- 
ment in a project must be equal to the sum of funds 
invested in the project: 

m+ 


W,Y; - d X,=0 j=1,...,0 (6) 


Second, in regard to each arrangement, the sum of 
funds invested in the selected projects should not exceed 
the maximum available amount: 


> Xy-M, <0 i= . (7) 
j=1 


Finally, the investment period of a project should 
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TABLE 1. DETAILS OF INTERNAL PROJECTS AND FUNDING ARRANGEMENTS 





Details of internal projects 


Details of funding arrangements 





Uniform 
annual 
revenue 
b; ($1000) 


Project Required 
number capital 
J W; ($1000) 


period 
H,; (year) 


Investment Arrangement 
number 


Maximum 
lending period __ Interest rate 
L; (year) R; 


Maximum 
lending amount 
M,; ($1000) 





ODOoOmMIDMNPSPWN— 
NWPEADADA LH HWUYUN 


—_ 





*Internal arrangement. 


TABLE 2. OPTIMAL SOLUTIONS TO THE EXAMPLE PROBLEM 





Problem 1 
funding 


Problem 2 


Project funding 





17 (3), 11 (6) 
30 (1), 2 (4) 


40 (2), 1 (3) 
8 (5), 39 (6) 
50 (6) 

28 (4), 32 (5) 





Present value 162 565 





(Where i(j) means i thousands of dollars raised on 
arrangement j). 


not exceed the maximum lending period of an external 
arrangement from which funds are obtained: 


(8) 


With the objective function in (3) and the constraints 
in (4)-{8), the formulation of a mixed integer-linear pro- 
gram has been completed. 


EXAMPLES 


Six arrangements including an internal arrangement 
are considered for funding ten independent internal 


projects. Table 1 lists the details of the projects and 
arrangements. The 6th arrangement represents the in- 
ternal sources of funds for which the firm expects a rate 
of return of 15%. 

With the above data, two problems are considered. 
The first problem assumes the availability of only the 
internal funds of $100,000 while the second problem 
assumes the availability of both the internal and exter- 
nal funds; optimal solutions are displayed in Table 2. 
In problem 2, only arrangement 3 has not been fully 
used having a remaining amount of $2,000. 
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Optimum Location of Training Centers’ 


THERE HAS been a great deal of interest in facilities 
location problems recently in the literature. The appli- 
cation developed here is based upon the set covering or 
p-median problems of [3] and [4]. Recent work on this 
problem has included both theory and applications. A 
specialized optimal solution procedure appears in [2]. 
A multiperiod generalization with a dynamic program- 
ming solution is present in [5]. Application to location 
of bank branches for minimization of float is made in 
[1]. The present application is a case study of another 
area of applicability of facilities location analysis: the 
location of training centers. 

Profit and non-profit making organizations period- 
ically conduct training sessions in one or more loca- 
tions to provide initial skill training, to improve skills, 
io upgrade existing skills, to conduct refresher courses, 
or to give employees and employers an opportunity to 
exchange concepts and techniques. These sessions are 
often conducted by one or more experts in the field or 
by individuals from the parent company. Many of these 
organizations have employees located in widely dis- 
persed areas, causing substantial incidental and travel 
expenses as a result of centralized training. For these 
training sessions which do not involve large costs for 
transportation or acquiring specialized equipment or 
training aids, rather than establishing one training 
center it may be less costly to conduct sessions at 
seveiul training locations, thereby reducing total travel 
costs. However, travel cost savings will be offset by the 
fixed cost of establishing multiple facilities, hiring dupli- 
cate training coordinators, etc. 


THE CASE 


The scientific products division of a large midwestern 
(United States) medical supply company recognized the 
need to periodically retrain their instrument service 
technicians in advanced technology relating to the 
health sciences and to train them in the maintenance 
and upkeep of additions to their product line. 
Employees were located in seventeen different cities. 
Figure 1 shows the number and location of these 
employees. In order to reduce costs, the company con- 
sidered the possibility of establishing one or more 


centers located in regions of high employee density. The ° 


cost of establishing a center and conducting a program 
was estimated to be approximately $1500 exclusive of 
room and meal charges which were believed to be con- 
stant regardless of location. It was felt, however, that in 
order to encourage meaningful interaction between 
employees and the program coordinator, a minimum of 
20 participants would be required at any center. Airline 
travel costs for sending employees from their home city 
to each of the potential center locations are given in 
Table 1. A decision was made to locate the centers in a 
city which had an established company office and 
therefore, only those cities are considered as potential 
center sites. 





‘ An earlier version was presented at the May 1978 
TIMS/ORSA meeting in New York. 


ANALYSIS 


The training center problem is similar to the set 
covering problem of [3]. The two problems are similar 
in that there are fixed costs associated with opening 
each training center. The total costs to be minimized 
are the fixed costs of operating a center plus the travel 
costs of participants attending the training sessions. As 
in the fixed charge aspect of the set covering problem, 
the analysis of training center location problems in- 
volves a determination of which cities to establish as 
centers in order to minimize the total of fixed costs plus 
travel costs. 

The problem can be formulated as an integer pro- 
gramming problem as follows: given (n) communities 
having (A;) participants and travel costs (C;;) of travel- 
ling from city (i) to city (j) per participant, determine 
the number of centers (m) and specify the center to 
which each participant should be assigned. Fixed costs 
at location j will be F; if location j is utilized, zero 
otherwise. Denote the bivalent integer variable of the 
problem as X;;. This will equal unity if community i 
assigns to center j, zero if not. 

The problem is stated mathematically as: 


j=1i=1 j=1 


(1) 
subject to: 


(2) 
(3) 
(4) 
Xj; € (0, 1} (5) 


The objective function (1) and constraints (2) and (3) 
are necessary for the set covering structure of [3]. Con- 
straint (4) was developed for the model as the restric- 
tion that any operating center must include at least K 
training participants. K is set at 20 for this case because 
the program coordinator needs at least 20 participants 
in order to achieve the desired level of meaningful inter- 
action. 

The optimum solution to this formulation was found 
using both integer programming and linear program- 
ming computer programs. The linear programming 
routine resulted in an optimal integer solution. The 
optimum locations are shown in Fig. 2. The minimum 
cost solution subject to the imposed restrictions is to 
establish centers at cities New York, Chicago and Los 
Angeles at a total cost of $12,007. The number of par- 
ticipants at each center will be: New York 40, Chicago 
69 and Los Angeles 26. A sensitivity analysis was con- 
ducted to determine the sensitiveness of the fixed cost 
of establishing a training center and variability in 
employee density at each location. 
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DISCUSSION AND CONCLUSIONS 


Problems of central training center locations which 
are more specialized than the one presented in this 
article may be solved using an LP procedure. For 
example, a restriction on the maximum number 
allowed at one location may be imposed. However, the 
restriction will open the possibility of non-integer solu- 
tions that, while mathematically optimal, may not be 
realistic. A fractional optimal solution may indicate 
that fractions of several populations should each attend 
different central facilities, while a more desirable solu- 
tion may be to split one or two populations only to 
satisfy restrictions. In any event, a linear programming 
solution to population allocation problems allows a 
decision maker the opportunity to minimize the costs 
of travel and facilities location. Non-integer problems, 
although more costly, can also readily be solved using 
available computer software packages. 

In many applications the restriction (4) on the mini- 
mum number of participants admitted to a center may 
not be necessary. For the medical supply company 
analysis it was required that 20 employees participate 
in any training session in order to enhance the mean- 
ingfulness of the program to the participants. If this 
restriction were not imposed, the optimal solution 
would be to establish four centers, the additional center 
being located in Dallas and providing training for the 
Dallas and New Orleans service employees. All other 
allocations would remain the same. 

Also in many applications, the number of training 
centers may be specified beforehand. In these cases an 
additional restriction would be required: 


Y Xj = m. (6) 
i=1 


This restriction requires the establishment of exactly m 
training centers and would be especially useful for firms 
which have existing facilities and are interested in mini- 
mizing total travel costs to these facilities. 
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Memoranda 


Creativity and Operational Research 


CREATIVITY has been defined as the “ability to pro- 
duce new forms in art or mechanics or to solve new 
problems” [2], and its relevance to Operational 
Research (defined by Wagner [13] as “a scientific 
approach to problem solving”) is obvious. A useful 
starting point in considering the topic is a comment by 
Popper [10, p. 48], which is worth quoting in full, and 


to which we shall return. 


‘But it seems to me that what is essential to “crea- 
tive” or “inventive” thinking is a combination of in- 


tense interest in some problem (and thus a readiness ' 


to try again and again) with highly critical thinking; 
with a readiness to attack even those presuppositions 
which for less critical thought determine the limits of 
the range from which trials (conjectures) are selected; 
with an imaginative freedom that allows us to see so 
far unsuspected sources of error; possible prejudices 
in need of critical examination. 

(It is my opinion that most investigations into the 
psychology of creative thought are pretty barren—or 
else more logical than psychological. For critical 
thought, or error elimination, can be better charac- 
terised in logical terms than in psychological terms)’. 


The competitive importance of scientific and techno- 
logical advance has led to much effort by psychologists 
to measure and promote creativity. Whilst this ‘barren’ 
approach was under way, much more illuminating 
work was, ironically, already on record in other areas 
of psychology, under the titles of ‘learning’ and ‘prob- 
lem-solving’. The purpose of this paper is to give a brief 
account of this work and its implications for OR (Oper- 
ational Research). For contrast and completeness how- 
ever, the ‘barren’ approach is mentioned first. 

The first attempts at measuring creativity were based 
on conventional psychological testing, and led to the 
notions of convergent and divergent thinking. Intelli- 
gence tests require convergent thinking, and contain 
questions like: Which is the odd one out; cow pig sheep 
sparrow? ‘Creativity’ tests required divergent thinking, 
and contained such questions as: Write down as many 
uses as you can think of for a brick. High scores on the 
divergent thinking tests were expected to indicate crea- 
tivity. Hudson [7] has carried out a vast amount of 
research in this area. He has shown that IQ is irrelevant 
to creativity. He has shown that convergence and diver- 
gence are also irrelevant to creativity, and he links crea- 
tivity with “persistence, self-confidence and predatori- 
ness”. 

Of the many creativity dogmas, brainstorming and 
lateral thinking are perhaps the best known. Neither 
need be expounded here. Brainstorming may be likened 
to an exercise in collective divergent thought, and 
lateral thinking has some similarities, though there is 
more to it than that. The suspension of criticism which 
is a key ingredient in brainstorming, would certainly 
not endear the procedure to Popper. 

As indicated earlier, there are other areas of psycho- 
logical investigation which are much more illuminating. 
This account draws together work from the fields of 


learning, thinking and problem solving, to form a more 
plausible story. 

Let us start with learning, e.g. with rats in mazes, and 
conditioning. This, the most basic form of learning, is 
the process whereby a relationship between events 
(stimuli) results in a change in behaviour (response). An 
intriguing stochastic model of conditioning has been 
built by Walter [14, Ch. 7], who also constructed an 
electro mechanical representation of the model which 
he called “Machina Docilis”. This behaved very much 
like an animal in learning experiments, and displayed 
other typical animal behaviour (including neuroticism). 

At this rather low level of learning there is a good 
understanding of, for example, learning to press the red 
lever not the blue one to obtain food. Harlow and Har- 
low [5] have built on this with a long series of experi- 
ments which indicate that learning is hierarchical. They 
assert that learning is learned, and that items of simple 
learning are aggregated in learning ‘sets’ which are 
applied to further learning or problem-solving. On a 
higher plane, there is work on concept formation. Heid- 
breder [6] is generally quoted). 

Thus, when we apply ourselves to a problem, we 
apply a complex hierarchical structure of pre-formed 
blocks of understanding. Much effort has gone into un- 
derstanding the building of these blocks (as well as 
establishing their existence). However, for our purposes, 
their destruction is more important, because they can 
behave as restrictions of thought as well as tools. 

Scheerer’s work in this field is instructive [12]. He 
has carried out a series of human problem-solving ex- 
periments in which the apparent inappropriateness of 
earlier learning experience and the importance of habi- 
tual perception of critical objects were varied. He found 
three stumbling blocks to the solution of problems: 
assumption, habit and motivation. He describes the 
condition of ‘stuckness’ that they generate as ‘fixation’, 
because it usually manifests itself as repeated attempts 
at the wrong approach to the problem. Subjects made 
false assumptions about every aspect of a problem and 
failed to question those assumptions. Habitual patterns 
of thought and perception also hindered solution. The 
key to a problem might be visible and present, yet it 
would go unrecognised because of perceptual habit (e.g. 
in a problem requiring the use of string for solution, 
over 50% of subjects failed to ‘see’ string as such when 
it was holding up a calendar or mirror in front of 
them). Finally, Scheerer preesents evidence that unduly 
high motivation blocks the path to solution by making 
the subject unwilling to accept any detour that might 
delay achievement, and he indicates that the difference 
between trying personally to solve a problem, and 
watching someone else try, is enough in some cases to 
demonstrate this effect. 

At this point it is as well to look back at Popper's 
comment, when it will be seen that the breaking of 
obstructive habit, assumption and previous ijearning is 
a matter only of method and logic. Here too is the 
irony: Hudson’s book, Contrary Imaginations, was pub- 
lished in 1966, Scheerer’s article in 1963. If those psy- 
chologists working on creativity had seen the connec- 
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tion between creativity and problem solving, they 
would have realised that they already possessed the key 
to progress in their field. Habit prevented them from 
seeing that key for what it was—fixation indeed! 

Let us now turn to Edward De Bono [1] whose ideas 
of vertical and lateral thinking might be considered 
‘fringe psychology’, but have relevance here. Although 
it is easier to grasp these ideas through examples, they 
can be briefly characterised. Vertical thinking is high 
probability thinking, strong on developing ideas, but 
rigidly directional; it is logic in control of mind. Lateral 
thinking is low probability thinking, creative, flexible; it 
is logic at the service of mind. De Bono explains the 
term thus: “It is not possible to dig a hole in a different 
place by digging the same hole deeper ... if the hole is 
in the wrong place, no amount of improvement is going 
to put it in the right place... Vertical thinking is dig- 
ging the same hole deeper; latera! thinking is trying 
again elsewhere”. 

This makes lateral thinking sound very much like the 
‘uncontrolled idea generation’ of divergent thinking and 
brainstorming. De Bono goes on, however, to treat at 
length and in an abstract manner, the perception of the 
components of a problem, and makes it clear that 
habits of perception (learning sets) can obstruct the per- 
ceptual insights necessary for problem solution and for 
the creation of new ideas. (This is in line with Scheerer’s 
work). He also discusses a number of techniques for 
deliberately breaking down obstructive habits of per- 
ception and thought. (See also Rickards [11] for a prac- 
tical summary). 

Looking back, we see that De Bono, Scheerer and 
Popper are all barking up the same tree. All are saying, 
in different ways, that creative or problem-solving 
thought depends on diligent unearthing, questioning 
and dismantling of assumptions, and of habits of 
thought and perception. Popper’s suggestion that this 
process should be characterised in logical terms leads 
to the proposition that the process should be logically 
and systematically controlled, which is really only 
another way of saying that a methodology is needed. 

OR has nearly as many methodologies as it has gen- 
eral text books, but in the light of this analysis it can be 
seen that they are really different attempts at the same 
methodology. Indeed, other management services disci- 
plines also have methodologies which may be reduced 
to expressions of the same principle. For example, one 
might look at work study [3], where method study has 
a well defined methodology: Select, Record, Examine, 
Develop, Install, Maintain and where ‘Examine’ boils 
down to applying each interrogative (what, where, 
when, who, how, why) iteratively to every aspect of the 
situation. It is reasonable therefore to propose that 
there is really one true underlying methodology which 
consists of systematic hyper-critical examination and 
error elimination. 

This is obviously central to the nature of OR, and 
although it demands considerable emphasis in the 
teaching of OR, it is essentially a return to first prin- 
ciples. The implications do, however, go further. 

Whilst the purpose of OR is to dig new holes, OR is 
itself a hole. The pioneers of OR started a new hole, 
and struck ore. Their successors have made it a much 
bigger, deeper hole. Look again at work study; the 
same metaphor holds. It is simply an older, deeper hole. 
To use such a metaphor is of course, in no way to deny 
that the ore was worth getting or that very powerful 
and valuable varieties of shovel and other equipment 
have been developed. 


De Bono has some pertinent observations on the 
properties of holes: It is unreasonable and counter to 
human nature, he observes, to expect people to aban- 
don established holes without knowing where to start a 
new one. “The shovels of logic lie idle. There is no 
achievement.... No one is paid to sit around being 
capable of achievement. ...” Thus holes tend to be self- 
perpetuating. Further, “an expert is an expert because 
he understands the present hole better than anyone else 
except a fellow expert...experts are usually to be 
found at the bottom of the deepest holes. . ..” 

Now, future practitioners of OR are likely to enter 
the field through the education system, and the educa- 
tion system is largely designed as a conducted tour of 
existing holes, in which knowledge is received from 
experts. There is a danger, therefore, that the education 
system will fail to transmit the heart of the OR hole, 
namely the art of digging new holes. This danger cer- 
tainly does not go unrecognised in educational estab- 
lishments, but there is a risk that the attractions of the 
existing hole might obscure it. 

It is therefore essential to the future potency of OR 
that a full and explicit understanding of the nature of 
creativity is maintained and emphatically propagated 
both in the teaching of OR and amongst its practi- 
tioners. 
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The bottom line of Table 1, p. 323, should read: 


UNSCEAR [25] 


On page 323 line 27 in the second column should read: 


... by others [1, 9, 12, 23, 25, 26] gives an average risk... 





